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MILD FORMS OF CORONARY THROMBOSIS 1 
ROBERT L LEVY, M D 

Nr\V YORK 

In leuewmg the lustoiy of the knowledge concerning acute column \ 
obstiuction, it is i eniai kable that the fust publication that satisiactonh 
conelated swnptoms, signs and patliologic data has been oveilooked, 
foi the most pait In 1884, in the Zcitscluift fm kluunhe Median i, 
Lejdcn 1 gave an excellent account of coionaiy scleiosis and thiombosis 
m a papei entitled “Ucbei die Scleiosc dei Coionai- \itenen und du 
davon abhangigen Kiankheilsauslande ” It is to the Russians, Obiast- 
/ow and Stiaschesko,- who published an aiticle in the same journal m 
1910 that ciedit is usually given foi the descnption oL the clinical 
ieatuies These authois w f eie able to make a collect antemoitem diag- 
nosis m two of the thiee cases lepoitcd by them In Hui ope, howevci, 
\eiy little mteiest was aioused by these publications, and then mipoi- 
tance foi clinical medicine was uniecogni/ed It was m 1912 that 
Hcinck, 3 m his classic papei on "Clinical Featuies of Sudden Obstun - 
tion of the Coionai) Aitcucs,” called the attention oi the medical pio- 
iession in Amenca to the disease It is not my put pose at this turn 
to tiace the development of this knowledge A bnef ie\iew ? mat lx 
found m Levine’s lecent monogiaph 1 

In the delineation of any new clinical pictuic, it is the itilc that tlx 
moie seveie and t) pi cal vaneties of the condition aie hist lecognmed 
and descubed The leasons foi this aie obvious A numbei of symp- 
toms and signs aie obscivcd, which, wdien found m association with 
ceitam functional and anatomic distuibances, aie pioved to be chaiac- 
teustically diagnostic Moie exact methods of examination often seive 

Submitted foi publication, Aug 6, 1930 

- 1 From the Depaitment of Medicine, College of Physicians and Sui gums, 
Columbia Univctsily and the Medical Clinic of the Ptesbytei lan Hospital 

* Read by title at a Meeting of the Association of -Vmciican Physicians, 
Atlantic City, N J, May 7, 1930, and befoic the New Haven Medical Socieh, 
May 21, 1930 

1 Leyden, E Ucbei die Sclerose dei Coionai -Artcuen und die da\on 
abhangigen Kiankheitsnistandc, Ztschr f Min Med 7 459 and 539, 1884 

2 Obi ast/ow, W P, and Stiaschesko, N D Zm Kcnntms dei Tluombose 
dei Koionaiaiteuen cles Hcizens, Ztscln f Min Med 71 116, 1910 

3 Hot lick, J B Clinical Featuies of Sudden Obstiuction of the Coionai \ 
Aitcucs, J A M A 59 2015 (Dec 7) 1912 

4 Levine, S A Coronal y Thiombosis Its Various Clinical Featuies, 
Medicine 8 245 (Sept) 1929 
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to define the picture with even gieatei piecision A specific etiologic 
factor may be found The couise of the disease is followed over a 
period of } eais, its complications and sequelae are noted, and eventually 
it becomes possible to evolve prognostic criteria, both immediate and 
1 emote The atypical and milder foims of the picture at first escape 
lecogmtion Later, greater familiarity with the possibilities of varia- 
tion fiom the standard pattern duects attention to cases with less 
striking and moie unusual features 

This clearly has been the course of events in the histoiy of coronary 
thiombosis It was naturally the fatal cases, m which necropsy observa- 
tions could be checked against clinical manifestations, that fiist served 
to outline the picture Patients with the moie severe symptoms, even 
though they lecovered, next claimed attention But in his fiist papei, 
m 1912, Heirick said “In a third group may be placed nonfatal cases 
with mild symptoms Slight anginal attacks without the ordinary 
causes (such as walking), peihaps some of the stitch pains m the pre- 
coidia, mav well be due to obstiuction of small coionary twigs ” Having 
given much thought to this subject for many yeais, Hernck, m 1929, 
before the Association of American Physicians, called attention to 
some unsolved pioblems connected with acute obstiuction of the coronal y 
arteues 5 I quote him again “How often do mild types of the accident 
occur ? Theie are mild cases, mild as to onset, as to eaily symptoms 
and late effects That these cases are of greater fiequency than 

is geneially lecogmzed is almost ceitam That these mild cases 

with piompt lecovery are really of the natuie of coronal y thiombosis is 
at times shown by the fact that latei the cleai cut attack of severei form 
may occui, lecogmzed by patient and doctor as of the same chaiacter as 
the earliei mild one, diff ei mg chiefly m degree In what way may these 
cases be lecogmzed more definitely ? By what gioupmg of histoncal 
data, symptoms, signs and mstiumental findings, may we be able to state 
that this accident has occuned?” It is with the hope of supplying at 
least partial answeis to queues such as these that the following cases aie 
descnbed and discussed 

In all of the eight cases selected foi analysis the patients were seen 
m office or consultation practice, and their records are sufficiently 
detailed so that there can be but little doubt concerning the nature of 
the illness That such patients are found with lelative infrequency m 
the vaids of a hospital is not remarkable, since the symptoms are apt 
to be of shoit duration, the degiee of incapacity is often not gieat and, 
if help is needed, a neighborhood physician is called At the tune of 
the attack, medical advice may not be sought It seems likely that the 
condition is fiequently not recognized 

Five of the case histories will be given m full 

5 Herrick, J B Some Unsolved Problems Connected with Acute Obstruc- 
tion of the Coronary Arteries, Am Heart J 4 633 (Aug) 1929 
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REPORT Or CASES 

Cash 1 Thstoi y -A. man, aged 41, a journalist, married, complained ot p t un m 
the left arm and m the jaw, induced by exertion His father and mother had died 
at the age of 65 of “angina pectons” The patient had enjojed good genual 
health Five years before, he had cholera while in Serbia, and was m a hospital 
for five weeks Later, he was treated m the American Hospital in Tim for 
ulcers of the intestine, and he had been well since then He did not drink coffee 
-or alcohol, but he had smoked fifty or more cigarets daily until the onset ot the 
present illness 

Svmptoms began a month before his visit with sudden pain in the lett aim 
which came on while lie was playing bridge The arm felt as though it had 
been struck The pain persisted, and the following day he consulted a pin ieian 
who told him that he had neuritis Examination of the teeth, tonsils and smusts 
revealed no focus of infection, and a Wassermann reaction ot the blood was 
negative Five davs latei, while the patient was walking on the street, the irm 
hurt so severelj that he had to stop, he went to bed Medication afforded x.mu 
relief, and the following day he was able to be out and about Since that time 
paroxysms of pain reeuried whenever he walked, and were associated with 
aching in the jaw There was no pain in the chest, noi had In noted d\spim 
-or palpitation He was adwsecl to avoid effort, and to take Ins work more easih 
He clearl} associated the discomfoit with physical effort 

Examination — The patient w'as nervous, pasty-looking and intiospectne and 
was much concerned about himself There was no djspnea or ejanosis On 
percussion, the heart was found to be slightly enlarged to the left Tin rhjthni 
was regular, the rate, 88 The sounds were weak, there were no murmurs, and 
no gallop rhythm was heard The peripheial vessels vveie barelv palpabl* The 
blood pressure was 124 systolic and 70 diastolic On fluoroscopic examination, 
the heart was seen to be distinctly enlarged, to both the right and the Ht It- 
pulsations were not vigorous There was slight diffuse dilatation ot the aorta 
Measurement of the orthodiagram showed a total transverse diameter of 15 cm 
with an internal diameter of the chest of 244 cm The electrocardiogram (h 1 > 
showed regular sinus rhythm, with a ventricular rate of 74 There w ex m d 
erate left ventricular predominance The P-R (conduction) tiiu >» w 
'019 second The noteworthy features of the record were inversion a to. 
T wave m leads II and III, and the presence of a markedly exaggerated O .vav 
in the third lead The character of the inversion of the T wave particularly th 
deep V-shaped T wave in lead III, and the prominent Q wave in tm ha' 1 
afforded definite signs of myocardial damage Taken in conjunction wttn tin 
lustorj and the finding of cardiac enlargement, they made possible a diu-nos.- 
of coronarv sclerosis, and gave striking presumptive evidence ot th-nmnoMc 
closure of a xmall branch, with infarction of the myocardium 

Cow sc — The patient was first seen two and one-half years ago, and since thai 
time had lived m Paris From his physician, I learned that he continued to 
have some discomfort for a period of months, but has lately been able to earn 
•on restricted activties without symptoms He has been careful to live within the 
limits of his physical capabilities 

Case 2—Histoiy—h married man, aged 48, a real estate operator, complained 
of precordial pain radiating to both arms, for the past three or four years is 
father had died suddenly m bed, at the age of 52 One brother had die at f < 
age of 35, of heart disease The patient had enjoyed exceptionally good healtn 
At 39 (eight years previously) he had had pneumonia, followed by empvena A 



4 


ARCHIVES OF INTERNAL MEDICINE 


ub was resected and the pleural cavitv was drained, he was ill for four months, 
but made a complete recover) Appendectomj had been done tw enty j cai s previ- 
ously Roentgenograms had recentlv been taken of the teeth, and they were said 
to be free from infection He smoked a pipe almost constantly — perhaps thirty 
pipefuls each da) He took no coffee 01 alcohol Befoie the onset of cardiac 
pain, he was physically very active, playing tennis, swimming, rowing and lim- 
ning, without distress of any kind 

About four )ears befoie his visit, he first noted precordial pain on walking, 
ladiating down both arms, but more to the left Gradually, he observed that 
less and less effort induced the discomfoit, and eight^nonths before examination 
he was unable to walk a block without stopping At that time he had an attack 



Fig 1 (case 1) — T„ t)pe cur\e with V-shaped T \\a\e m lead III, sug- 
gesting closure of a branch of the light coronary artery Qa is strikingly 
prominent 

that was called “acute indigestion ” characterized b\ intense pain m the epigas- 
trium but unassociated with nausea or vomiting He felt as though he would 
suffocate He was told that his pulse was rapid He was m bed for three days 
and remained at home for the remainder of the -week, because of a sense of 
exhaustion The blood pressure at the onset of the attack was said to be 160 
s)stohc one week later it was found to be 110 Since this attack lie had 
improi ed considerably, and was better than he was before it occurred He now 
experienced pain on strolling after he had gone about half a mile Slight hurrying 
made lnm stop after four or five blocks Distress w^as more acute if he made an 
effort after eating The pain was sh irp, but disappeared entirely about one-half 
minute after the cessation of effort There had been no di spnea He had taken 
no medicine recenth 
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Examination — On examination, the lips were found to be slighth cianotic 
The retinal vessels showed moderate sclerosis On percussion the heart 
found to be slightly enlarged to the left The lhythm was regular, the rate, 76 
At the apex, the first sound was of normal quality and mtcnsin toward tin 
sternum, it had a metallic tone and was slightly sluired There was no ace uit na- 
tion of the aortic second sound The peripheral vessels \wit jusi palp-ble Hu 
blood pressure was 122 systolic and 74 diastolic Iheie was no enhrw nent nt 
tic liver or spleen The Wasseimann leaction of the blood u is maUie \ 

A B C “ 

r iu !=h ’.Or- ]-Y- 1 n __ 


_p_ 



8 months 1 0 m oaths 19 months 


Fig 2 (case 2) —A shows Ti type cutve, denoting closure «i a lot < - > 
branch, peisisting foi eight months after the attack B, nneision ot T w '* i 
marked, and C, T wave now upnght in all leads 


blood count and chemical examination of the blood showed mumal le suits Or 
fluoroscopic examination, the heart was seen to be a little enlarged hot i iO tie 
right and to the left The total tiansverse diameter in the ..rthoduaram was 
14 6 cm, the internal diameter of the chest bung 25 5 cm Theic was no dilata- 
tion of the aorta The electrocai diogram (tig 2) showed legular sinus r nt \'' 
with a ventricular late of 74 The P-R (conduction) time was 014 secont 
T wa\c was inverted m leads I and II, and diphasic m le id III tele w,s 
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moderate left ventricular preponderance The noteworthy observations were 
inversion of Ti and partial inversion of T» Such inversion of the T wave 
is often seen m coronary sclerosis, and in this case it was taken to represent 
residual evidence of a small myocardial infarct 

The patient was advised to take 0 1 Gm of euphylhn (theophylline ethylene- 
diamme) at first four times a day, then three times daily, after meals He was 
seen at intervals, the last examination having been made one year after his first 
visit At that time, he stated that he was distinctly better He had accustomed 
himself to a modified kind of life, which he accepted philosophically Hurry, 
worry and excitement still caused precordial pain and a sensation of numbness m 
the arms He took a five months’ holiday during the summer, and during this 
time he rarely had discomfort except when emotionally upset He had never 
found it necessary to take nitroglycerin He went in for an occasional dip in 
Long Island Sound during the warm weather, and since his return from his 
vacation had been working hard and steadily 

The last examination of the heart showed no change m size or signs There 
was no gallop rhythm The blood pressure was 136 systolic and 88 diastolic 
The electrocardiogram taken two months after his first visit (ten months after 
the coronary closure) showed definite changes as compared with the first record 
The T wave in lead I was less sharply inverted and T» was more markedly 
diphasic The P-R (conduction) time was 0 13 second The changes were 
slight, but were in the direction of normal The record taken one year after the 
first visit (one year and eight months after the attack of thrombosis) showed 
regular sinus rhythm, with a ventricular rate of 72 The P-R (conduction time) 
was 0 12 second The T wave m all leads was now upright The change was 
again m the direction of normal, and appeared to indicate healing of the small 
area of myocardial infarction The changes as compared with the original record 
were marked 

Summary — An attack of “acute indigestion,” with substernal and epigastric 
pain, occurred in a man of 47, who had had precordial pain on effort for about 
four years He was m bed for three days and at home for the remainder of 
the week Following the attack, he improved steadily, although cardiac pain 
could still be induced by effort or excitement The electrocardiographic changes 
over a period of a year indicated healing of the area of infarction Cardiac 
enlargement suggested the existence of coronary sclerosis and myocardial fibrosis 
probably for several years prior to the acute attack 

Case 3 — Histoty — A merchant, aged 37, married, was seen four days after 
his first attack of cardiac pain His father and mother had both died of “angina 
pectoris,” at the age of 76 His ancestors on the maternal side were said to be 
subject to heart disease, but died at an advanced age Except for numerous sore 
throats, for which tonsillectomy had been performed twenty years before, he had 
enjoyed remarkablv good health 

He had always been a large man, at one time weighing 300 pounds (136 Kg ) 
He worked hard, was an active speculator on the Stock Exchange, drank freely, 
smoked heavily and’ went out considerably at night He had not taken a vacation 
in over a year For a number of years his blood pressure had been in the vicinity 
of 180 systolic and about 100 diastolic 

While at his office, sitting at his desk, he suddenly had an attack of severe 
substernal pam, radiating to the left arm, which persisted for about six hours 
There Mas no nausea or vomiting He consulted his physician, who immediately 
took him home and put him to bed His color was said to be ashen The systolic 
blood pressure had fallen to 140 He was given a hypodermic injection of mor- 
phine and passed a comfortable night 
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block The \entncular rate was 80 The QRS mtenal was Oil second There 
was a moderate degree of left ventricular preponderance The P-R (conduc- 
tion) time w 7 as 0 14 second The T wa\ e w as sharplv inverted and of the 
V type in leads I and II, and upright in lead III These changes afforded 
evidence of myocardial injurv, and w r ere suggestive of infarction following coro- 
nary thrombosis 

Coni sc — The patient was seen again three months later He had been going 
to business, and had played golf without anj sjmptoms referable to the heart 
He had not maintained the dietarj 7 restrictions outlined and had not lost any 
weight He W'ent out less at night, smoked but little and almost entirety stopped 
drinking He continued to go to night clubs and danced He had taken no 
medicine Examination at this time show r ed the heart sounds to be definitely 
w r eak A short systolic blow had appeared at the apex, and the aortic second 
sound had taken on a somewdiat ringing quality The blood pressure w r as 142 
sjstohc and 92 diastolic The size of the heart, as measured on roentgen exam- 
ination, w'as unchanged The electrocardiogram showed the T w T ave in lead I 

to be a little deeper and T- higher, but the record otherwise resembled the one 
taken three w r eeks earlier 

He was next seen nine months later He had spent the summer in Europe, 
wdiere he took a cure at Marienbad He plaved golf, nine holes at first, later 
eighteen holes each day, without discomfort On tw'O occasions, he became tired 
and short of breath, but not, he thought, following a game of golf There was 
no recurrence of cardiac pain He had resumed dancing, was working as hard 
as ever and smoked tw'enty cigarets and two cigars each day Examination 

showed the weight to be 230 pounds (104 3 Kg) He still looked pastv The 

size of the heart w 7 as unchanged The rhjthm was regular, the rate, 72 The 
first sound at the apex was now 7 slightly split and impure The general quality 
of the sounds was fairly good The blood pressure was 154 svstohe and 104 
diastolic The electrocardiogram showed regular sinus rhvthrn, with a rate of 
72 The left ventricular preponderance was still present The P R (conduction) 
time was 015 second The intraventricular conduction time was now within 
normal limits, being 0 09 second The ST interval in leads II and III was no 
longer ele\ated The T weaves still had the pointed V shape in leads I and II 
The record suggested a healed nnocardial infarct, with, however, residual per- 
manent injur a to the heart muscle 

Three months later, and almost exactly a year after the first attack, the patient 
again experienced moderate substernal pain, for which he consulted his physician 
This passed off in the course of a few 7 minutes, and he continued his usual routine 
Three davs later he had a sharp pain radiating to the left arm, but unaccompanied 
In nausea or \onnting, and persisting for several hours He came home from 
lus office and went to bed, and was given gram (0 032 Gm ) of codeine by his 
wife I saw 7 him the same evening This time, his color w r as distinctly ashen, 
and he was genuineh concerned about himself The heart rate w 7 as 72, the 
rhj thm regular The blood pressure w 7 as 174 s>stolic and 100 diastolic No 
gallop rh} thm was present He was given a hvpodermic injection of morphine, 
and was advised to remain in bed This he did, although he insisted on getting 
up to go to the bathroom He continued also to keep activelv in touch with lus 
broker s office, and became considerabh excited because of the changes in the 
stock market Six dajs later, he had a recurrence of the substernal pain, which 
radiated to both arms On this dav, the blood pressure was 148 svstolic and 85 
diastolic, and slight fever appeared, the temperature persisting in the vicinity of 
trom 300 to 101 F for six davs The leukocyte count at this time was 15,000, 
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with 76 per cent polymoiphonucleais No friction rub was heard, and there was 
no cardiac arrhythmia The electrocardiogram showed regular sinus rhythm 
The only change since the record taken a month previously was a slightly shal- 
lower T wave in leads I and II On this occasion there was no increase in 
intraventriculai conduction Two weeks after the onset of the second attack, 
the only change on examination was the fall in blood pressure to 132 systolic 
and 80 diastolic Against his will, the patient was kept in bed foi three weeks 
At the time of writing this article (about three months aftei the attack), he w-as 
again at work, but was taking better care of himself 

Case 4 — History — A man, aged 41, a lawyer, married, was hi ought to me 
for examination by lus physician because of an attack of substernal pain that 
had occurred five days before He had always been an active, intense worker 
For twenty years, he had had recurring sinus infections He had nevei been 
acutely ill, not had there been any cardiac symptoms prior to the onset of the 
present attack This began suddenly five days before his visit, with excruciating 
substernal pain, radiating to both arms and to both clavicles Ordinary sedatives, 
such as bromide, were ineffectual, and 34 gram (0 048 Gm ) of morphine was 
necessary to make him comfortable He v'as not nauseated, nor did he vomit 
The heart rate v r as rapid, but there was no disturbance in rhythm He remained 
m bed until the following day', and by this time the blood pressure, which usually 
was in the vicinity of 140 systolic, had fallen to 90 There was still some sore- 
ness across the chest, but no acute pain The chemical analysis of the blood and 
urinalysis gave normal results, and the Wassermann reaction of the blood was 
negative He remained quietly at home for five days 

Examination — The patient was large and well built, Ins color was good, and 
lie was able to lie flat without discomfort The size of the heart was normal 
The rhythm was legular, the rate, 68 The sounds were of fairly good quality, 
having perhaps a slightly valvular quality at the apex, where there was a short, 
blowing, systolic murmur No gallop rhythm was heard, and there was no 
accentuation of either second sound at the base The peripheral vessels were just 
palpable The blood pressure was 110 systolic and 66 diastolic The liver was 
not enlarged, and there was no edema On fluoroscopic examination, the heart 
was seen to be of the vertical type It was normal in size and shape, and there 
was no dilatation of the aorta The electrocardiogram (fig 4) showed regular 
sinus rhythm, with a ventriculai rate of 68 The P-R (conduction) time was 
0 16 second The T wave was slightly inverted in lead II and markedly inverted 
and of the V type in lead III The Q wave in lead III was strikingly prominent 
A diagnosis of thrombosis of a coronary artery was made, and m view of the 
rapid recovery, the inference was drawn that a small branch had been occluded 

Coni se — Ten days following his visit to me, the patient sailed for Euiope, 
where he took three months’ rest from business In Paris, he was examined by 
Dr Vaquez and Dr Bordet, who repeated the examinations and confirmed the 
observations He never experienced any further pain in the chest For the first 
two months after the acute illness, he noted some shortness of breath on effort, 
but this gradually disappeared and did not recur 

The patient was seen again a little more than four years after the first attack 
Eight months previously several infected teeth were removed because they were 
protruding into the right antrum Subsequently, a radical operation was per- 
formed on the antrum, and the jaw bone was curetted This series of infections 
and operations caused a “fluttering” and racing of the heart He observed a dis- 
tinct relationship between the flaring up of the infection in the antrujri and the 
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attacks of palpitation and tachycardia There was no cardiac pain or dyspnea 
during the sinus attack He lost considerable weight and felt bad generally In 
the four year interval he had worked regularly except during this illness eight 
months ago He also played golf without discomfort He was leading a normal 
life and considered himself well 

Four years after the acute attack, examination showed the size of the heart to 
be unchanged The rhythm was regular, the rate, 76 The sounds were of fair 



Fig 4 (case 4 ) — A shows Ta type curve with prominent Qa, B, Ti still 
imerted, T- now upright Q remains prominent 

quality, though not strong, and the aortic second sound was relatively enfeebled 
The peripheral vessels seemed a little thicker than on the previous examination 
The blood pressure was 132 systolic and 76 diastolic Fluoroscopic examination 
ga\e results that were the same as those obtained at the time of the first visit 
The electrocardiogram showed regular sinus rhythm, with a •ventricular rate of 
76 The P-R (conduction) time was 0 19 second The T wave was upright in 
leads I and II and imerted in lead III There was slight notching of the R 
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waves in leads II and III Compared to the record made four j ears earlier, quite 
marked changes were evident In lead I the T wave was a little lower, though 
this was not striking In lead II, the RT interval was slightly conca\e instead 
of slightly convex, and the T wave was upright instead of inverted In lead III, 
the Q wave was still present T» was still inverted, though less deep, and not 
of the V type The voltage was distinctly higher in leads II and III 

Summon y — Clearly this patient had a thrombotic closure of a small coronary 
branch with infarction of the heart muscle Healing was apparentlv rapid 
The only symptom during the convalescent period was dyspnea on effort, which 
passed off in the course of two months There was never a recurrence of pain 
The myocardium was apparently irritable, since it was stirred up by a succession 
of sinus infections and operations on the head, although this may occur in hearts 
otherwise apparently normal The electrocardiographic changes indicated healing 
of the infarct with residual scarring 

Case 5 — A married man, aged 48, a builder, was seen because of substernal 
pain His father died at the age of 51, of Bright’s disease One brother died 
at 42, of nephritis with hypertension The patient had had diphtheria in child- 
hood He was subject to sore throats and had recurrent sinus infections, for 
which continued treatment, with occasional puncture of the antrum, was earned 
out He smoked eight cigars a day and took alcohol only occasionally He 
worked at high tension, and his hours at the office were long 

While playing golf and walking off a tee, he had a sudden sense of substernal 
pain, as though a lump were there This sensation lasted about fifteen minutes, 
but w'as not really troublesome, and he finished his game During the following 
four days he was well Then, after lunch, he had a similar, though more severe, 
pain, and felt as though he were strangling The pain radiated down both arms 
to the fingers He was weak and would have fallen had he not been caught by 
a friend He was placed on a couch, and was quite uncomfortable for about 
half an hour He vomited once He went home and to bed, where he remained 
for two days with slight fever The pam over the upper part of the precordium 
and in the left shoulder persisted for several days, though with diminished inten- 
sity He did not return to work, and came in for examination ten days after the 
episode that occurred on the golf links, complaining of pam in the subste’ nal 
region on moving about and weakness Dyspnea and palpitation were absent 
throughout 

Examination — The temperature was 998 F, by mouth The size of the heart 
was noimal The rhythm was regular, the rate, 92 There was a faint pre- 
systolic gallop rhythm at the apex There was no thickening of the peripheral 
vessels The blood pressure was 126 systolic and 80 diastolic On fluoroscopic 
examination, the absence of cardiac enlargement was confirmed, and no dilatation 
of the aorta was made out The Wassermann reaction of the blood was negative 
\ diagnosis of coronary thrombosis was made, and the patient was advised to 
go home and remain at rest Against advice, he returned to work two -weeks after 
the onset of the illness He gave up smoking, and never took it up again 

Cow sc — The patient was seen at frequent intervals during the next four and 
one-half years He resumed golf two months after his first visit to me He was 
unwilling to believe that he had had i serious heart attack, and plunged activeh 
into the work of his business After an internal of six months, a gallop rhjthm 
was still heard At times, he had a slight twinge in the region of the precordium 
or a tight sensation across the chest, but he continued to play tlurtv-six holes 
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of golf without discomfort Substernal oppression was noted, particularly after 
meals or when excited Infection m the antrums persisted, and local treatments 
were carried on He continued his normal life, hard work and w'eek-ends of 
golf, m spite of repeated warnings that it would be wise to take matters more 
easily 

Four and one-half years after his first cardiac symptom, while walking to the 
railroad station, the patient had a sudden, sharp, substernal pain, radiating to the 
left arm He hailed a taxicab, returned to his home and went to bed There 
was no nausea or vomiting The pam persisted, and he called in a physician, 
who gave him a hypodermic injection of morphine I saw him about three hours 
latei He was fairly comfortable, not cyanotic and mentally clear The heart 
rate was 100, the rhythm regular There was no gallop or pericardial friction 
The blood pressure w'as 140 systolic and 100 diastolic The temperature, by 
mouth, w'as 99 2 F He was given another gram (0016 Gm ) of morphine, 
and w'as taken to the hospital m an ambulance 

On admission, the leukocyte count was 20,000, with 90 per cent polymorpho- 
nuclears The urine contained a trace of albumin On the following day, the 
temperature rose to 102 F and remained at this level, with slight variations A 
friction rub was heard close to the sternum in the third left space, and a gallop 
lhythm appeared and persisted The heart rate remained elevated, being from 
110 to 120 per minute There was slight cyanosis of the lips The patient was 
cheerful, mentally clear and relaxed At times he complained of substernal pam, 
but this was readily controlled by sedatives Fever and tachycardia, however, 
continued, and on the fiftti day after admission to the hospital, at midnight, he 
suddenly complained of an unusually sharp substernal pam, and within a minute 
gave a gasp and was dead Necropsy was not permitted, but the manner of 
death suggested rupture of the left ventricle 

The electrocardiograms of this patient are of paiticular interest, because they 
give a running record of events (fig 5) The first record, made ten days after 
the initial attack, showed slight elevation of the RT interval in leads I and II, 
and flattening of To Two months after onset, Ti was inverted and followed a 
convex RT interval The convexity of RT in lead II was a little less marked, 
and To had become defimtelj' upright After six months, Ti was again upright, 
and the RT interval in lead I was no longer convex T = and Ts were likewise 
upright, and the curve was essentially rormal During the following three years, 
there was no noteworthy change in the form of the curves The last record was 
taken on the second day of the terminal attack It shows strikingly the depres- 
sion of the RT mtenal m lead I and the high origin of other portions of the 
curve connecting R and T m leads II and III A prominent Q wave is also 
visible in the third lead The record is quite characteristic of infarction of a 
considerable area of the myocardium 

Summary — A man, aged 48, previously in excellent health, had a mild attack 
of coronary thrombosis, which confined him to his home for three days, and 
enabled him to return to work at the end of two weeks Electrocardiographic 
changes confirmed the nature of the attack He made a rapid recovery, and for a 
period of four and one-half years led a normal, active life, and played golf 
During these jears, he had occasional twinges of substernal pain, but not severe 
discomfort The electrocardiograms gave no evidence of progressive myocardial 
disturbance The terminal attack was more severe in onset, and death occurred 
suddenlj on the fifth daA, m all probability due to rupture of the left ventricle 
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Analytic Summary of Eight Cases of Mild Coionaiy Thiombosts 


Age 37, 37, 41, 41, 45, 4S, 48, 48 (average 
43 years) 


Sex 

Male " 

remale 1 

Tamily History 

“Angina pectoris” 3 

Sudden cardiac death 2 

Hypertension and nephritis 1 

Pm ious Cardiac History 

Pain on effort 2 

Hj perten«ion 2 

Heart murmur (following streptocoe 
cus sore throat) 1 

Historj of Infections 

Cholera (o a ears before) 1 

Recurring sinus infections (1 for 20 
jears, 1 for “many years”) 2 

Streptococcus sore throat followed 
by heait murmur 25 years before 
renal infection with two operations 
5 vears before 1 

Pneumonia and empyema (8 years 


before) f 

Rheumatic fever 37 years before, no 
cardiac involvement 1 

Colitis 3 

Svphilis 0 

excessive use of tobacco 6 


Rate of Recoa ery— Continued 

12 hours, 24 hours 1 

(Same patient m two attacks, 
after first attack, took 2 hour 
train trip to Hew York) 

2 days 2 

(One at home 10 days, one “still a 
little weak” at this time) 

3 days 1 

5 days 1 

(Sailed for Europe on fifteenth 
day) 

4 davs, 10 dajs 1 

(Same patient in two attacks) 


Pres 


Signs ent 

Cardiac enlargement 5 

Cardiac irregularity 1 

Pall in blood pressure 5 

Fever 4 

Leukocytosis 2 


Ab Not 

sent Known 
3 0 

7 0 

0 3 

0 4 

1 5 


Electrocardiographic Changes 

Present G 

Absent 2 

Character of Changes 
Ti type (left coronary involve 
ment) 3 

Ta type (right coronary involve 


ment) 2 

Incomplete bundle branch block 1 

Prominent Qs 4 

Elea ation of RT onh 1 


Obesitj (associated with hypertension) 1 

Symptoms of the Attack 

Substernal pain 5 

Vomiting 3 

Epigastric pam, called “acute mdi 
gestion” 1 

Pain in left arm and jays l 

Dyspnea (with pain) I 

Precordial oppression, without pain, 
but with nausea 1 


Rate of Recovery (measured bj patient’s 
desire and ability to resume lus 
usual actruties) 

12 hours 2 

(One never bedridden, one vent to 
pbjsician’s office following morn 
mg) 


Subsequent Course 

Living 7 

4 years l 

2 % years 1 

1 year 4 

G months 1 

Dead (4% jears after first attack) 1 


Degree of Restoration of Function after 
Attack 

No symptoms, full activity 2 

No sjmptoms, restricted activitj 2 

Symptoms present 3 

(Pam, 2, dyspnea, 1) 

Subsequent Attacks 3 

1 after 4 y 2 years (fatal) 

{ 1 after 1 year 

1 after 3 months, and again G months 
(The two youngest patients, each 37) 
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ANALYSIS OF CASES 

As a rule, it is inadvisable and unprofitable to attempt geneialua- 
tion on the basis of a limited number of observations Yet ceitam 
distinguishing features have been sufficiently striking in the recoids 
of these eight patients to wan ant calling attention to them as aids 
m defining a distinct clinical group An analytic summaiy is gnen 
in the accompanying table 

All of these patients weie under 50 yeais of age, two being in the 
thirty-seventh year There were seven men and one woman Fne 
gave a family history of heart disease terminating m sudden death Jn 
five cases, a histoiy of caidiac signs or symptoms pieceded the onset 
of acute coronary obstruction, pain on effort in two, hypei tension m 
two and a heait murmur following a sti eptococcus infection m one 
In reviewing the histories, the frequency of previous infection com- 
mands attention Cholera, iecunmg sinusitis, sti eptococcus soie tin oat. 
renal infections with opeiation, pneumonia and empyema, lheumatic 
fevei and colitis were among the fonner illnesses noted The lelation- 
ship of previous infection to vasculai degeneration and thrombosis is 
unproved, the facts are here lecorded without an attempt at explana- 
tion It should be added that m none of the patients was syphilis 
present, according to the histoiy, clinical examination or seiologic test 
Six of the eight patients used tobacco to excess The seven men 
weie all engaged m activities calling foi duvmg force and woiked undei 
pressure, the woman, aged 37, was high-strung, the mothei of tluee 
children, and an expert horsewoman, and was engaged in directing an 
amateur theatrical enterprise 

The symptoms of the attack were vaned, but no moie so than in 
the more seveie types of acute coionary obstiuction As Libman r 
has stressed, the sensitiveness of the individual to painful stimuli detei- 
mmes, in a measure, the intensity of suffering Substemal pain was 
the most common complaint, having been described by five patients 
Vomiting accompanied the attack only three times In case 1, sudden 
sharp pam m the left arm was the symptom of onset 

Cardiac enlargement was present at the time of the attack in fi\e 
cases, affording evidence of pieexistmg cardiac disease Inegulant} 
of the heart’s action, in the form of isolated premature beats, was 
observed but once, in contradistinction to the relatively greater fie- 
quency with which arrhythmias are encountered in the severer forms of 
coronal y occlusion A fall in blood pressuie was noted, however in all 
the cases in which detei mi nations were made during and immediateh 


6 Libman, E Observations on Sensitiveness to Pam, Tr A Am Pin si- 
cians 41 305, 1926 
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following the attack Fever likewise was present, when looked for, 
although it was not high , in one instance the lectal tempei ature rose only 
to 100 F for twenty- foiu hours on the day following the onset In 
two of the thiee cases m which blood counts were made, slight leuko- 
cytosis (12,000 and 15,000 per cubic millimeter) was found In a 
third patient, the leukocytes numbeied 9,500, of which 86 pei cent were 
poly moi phonuclears 

Changes in the form of the electi ocardiogi am were recoided m six 
of the eight cases As shown in the cuives, inversion of the T wave 
was of the T x type, 7 indicating left coionaiy involvement m three 
instances, and of the T 3 type, pointing to right coronary mvohement in 
two cases s Incomplete bundle branch block, denoting moi e sevei e 
cardiac damage and suggesting a laiger aiea of myocardial mfaiction, 
was present only once Piommence of the Q wave m lead III, first 
described m coronary occlusion by Wilson, 0 and mentioned also by 
Parkinson, 7 Levine 4 9 and Pardee 10 as of diagnostic importance, occuired 
four times In my experience, this change is seen more frequently in 
coronary disease than in any other condition, although it must not be 
considered as etiologically specific Elevation of the RT intei val of 
slight degree, as the only change present, was seen once 

Of particular significance in characterizing this group of patients 
was the extraordinarily rapid rate of lecoveryy as measured by the 
patient's desire and ability to resume his customaiy activities, as well 
as by objective improvement Even though prostrated by the seventy 
of the symptoms of onset, several of these persons weie nevei truly 
bedridden, and as can be seen from the accompanying table, consideied 
themselves well m from twelve hours to ten days In several instances, 
lest m bed was enforced with difficulty, occasionally, m spite of warn- 
ing, threatening and pleading on the part of the physician, the patient 
left his bed and home, to return to work within a few day^s Such 
abrupt termination of convalescence apparently^ did not result m 
immediate disaster In several of the case reports given by Levine 4 
similar rapid rates of recovery aie recorded 

7 Parkinson, J , and Bedford, D E Successive Changes in the Electro- 
cardiogram After Cardiac Infarction (Coronary Thrombosis), Heart 14 195 
(Aug ) 1928 

8 Barnes, A R, and Whitten, M B Study of T-Wave Negatiuty in 
Predominant Ventricular Strain, Am Heart J 5 14 (Oct ) 1929 Bell, A , and 
Pardee, H E B Coronary Thrombosis Report of Two Cases with Electro- 
cardiographic Localization of the Thrombus in the Right or Left Coronary 
Arteries, J A M A 91 1555 (May 17) 1930 

9 Wilson, W T Cardiac Clinic, with Electrocardiographic Demonstra- 
tions, Ann Clin Med 5 238 (Sept ) 1926 

10 Pardee, H E B The Significance of an Electrocardiogram with a Large 
Q ware in Lead 3, Arch Int Med 46 470 (Sept) 1930 
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To date, one of the eight membeis of this gioup has died of a second 
lapidl) fatal attack One patient had a second occlusion one veai aftei 
the hist, another (the woman) has had two latci attacks, one aftei 
three months, the second after six months She has made a <rood 

o 

lecoveiy each time 

Restoiation of function has been complete in two cases Two of 
the patients aie fiee from symptoms on lestncted activity Thiee 
have symptoms even with caiefully legulated lives — two still complain 
of pain m the heai t and one of dyspnea on effoi t 

COMMENT 

It is tempting to speculate as to the leasons foi the mild com sc ot 
these attacks, but in the absence of necropsy data this is hazai dou> 
Is one dealing with thiombotic closuie of small twigs 2 In compaiativeh 
youthful persons, is the unaffected coronal y circulation adequate to 
can) on more efficiently and to adapt itself more quickly than in oldei 
persons 2 Is the late of healing of the infarct more iapid ? Ceitaml) 
the two conspicuous features of these cases aie the relative jouth of 
the patients and the suipnsing speed of clinical lecoveiy Again, what 
idle do inheritance, infections, excessive use of tobacco and late of living 
pla) m selecting the victim ? Theie aie indeed still many unsolved 
pi oblems 

Recognition of these cases is of moie than academic intei est It ib 
mipoitant that a heait the cn dilation of which has suddenly become 
paitly obstructed should leceive a sufficiently long penod of lest to 
allow healing of the mfaict In my opinion, a minimum of four weeks 
m bed is, as a rule, desnable, no matter how mild the charactei of the 
attack Some of the patients heie reported, however, appaiently ha\e 
made good recovenes with much shorter penods of rest Only time will 
deteinnne the fiimness of the myocardial scars Whethei ceitam of 
these pei sons who suffer from an attack in the third or fouith decade 
of life may recover sufficiently to live out their expected span of yeais 
without subsequent cardiac disability must be ascei lamed by following 
a consideiable numbei of cases foi a long time In this gioup of 
eight patients, as has been indicated, one is dead aftei foui and one-half 
yeais, and two have had second attacks within a yeai Until moie is 
known concerning the factors that piedispose to this condition accuiate 
piognosis, both as to liability to lecunence and life expectancy must 
i emam extremely difficult 

SUMMARY 

1 A group of eight cases is repoited as exemplifying mild fomu 
of coionaiy tluombosis 
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2 The lecords of these patients appear to define a distinct clinical 
gioup chai acterized chiefly by (1) the relative youth of the patients 
(all being under 50 years of age), and (2) the rapid rate of lecovery, 
both subjective and objective 

3 A critical analysis is made of the various features, and some ot 
these are discussed Because the clinical picture is at times atypical 
it is believed that this condition frequently is not recognized 

4 Although a rapid rate of recovery tends to indicate a iavoiable 
outcome of the immediate attack, accurate prognosis as to the liability 
to recurrence and life expectancy is extremely difficult 



THE STRUCTURE OF THE NORMAL LUNG 


A SURFACE STEREOMICROSCOPIC STL D\ ~ 

MINAS JOANNIDES, M D 

CHICAGO 

When the notmal lung is studied by means of suiface Meieomicio- 
scopy 1 it repiesents quite a diffeient stiuctuial picture than that seen 
in the oidinary paiaffin section of the lung The ordinary section, which 
at best is a poition of a nnlhmetei in thickness, shows only a flat view 
of the lung The leconstiuction study of the lung, in which a caretul and 
painstaking eftoit is made to fill m the gaps between certain distances, 
leaves to the imagination the explanation of many facts The method 
described in this study supplies not only a sui face view, but also a third 
dimensional view so that one may see a magnified steieoscopic view' 
extending at least 1 cm in depth Thus one is enabled to see a mag- 
nified pictuie of the lung without distoition 

1 HE PLEURAL SURFACE 

The pleuial sui lace piesents a good view of the lung pai- 
ticularlv for the stud} of the oigan in the living animal The suiface 
under normal conditions is tlnn and transpai ent, so that one may observe 
definite changes in the alveoli and the capillaries The pleural suiface 
of the lung lesembles a honeycomb or the suiface of a coincob It is 
made up of circulai or polygonal subdivisions, each of which sends 
branches along the wall of the alveolus, and these meet the laigei 
capillary on the opposite side Thus in the living frog, tui tie or alli- 
gator one can notice the blood flowing m one direction , when the flow 
of blood is iapid, it appeals much like the wavy motion pioduced b> 
the wand on a wheat field When, howevei, the cn culation slows, one 
can see the blood flowing in one dnection and collecting m the laigei 
capillary on the opposite side 

In certain areas on the pleural surface of the lung, the oblique oi 
longitudinal sections of teinunal bionchioles can be seen immediatel} 
underneath the vised al pleura Such a teiminal bronchiole ends m a 
larger saccule, which vanes m size accoidmg to the size of the bionchiole 

* Submitted for publication, July 21, 1930 
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teimmating at such a point These ai 1 angements of saccules aie the 
sites of vanous pathologic conditions, such as fonnation of pleuial 
bullae resulting fiom increased mti apulmonic piessuie These bullae 
may luptuie and pioduce an acute pneumothoi ax Such an aiea is also 
the site of the bronchogenic extension of pulmonaiy pathology (pneu- 
monia and tuberculosis foi example) to the pleuial suiface and second- 
aiily to the pleuial cavity 

The under suiface of the pleuia piesents quite a difteient pictuie 
when the lung is cut m a waj to allow a thin layei of lung tissue to 
lemam attached to the pleuia The lung undei such conditions is 
much like that of a fiog, which is a single sac, the innei suiface of 
which contains a senes of septums so aiianged as to lesemble, more 
01 less, a honeycomb On examination of this suiface of the lung, the 
walls of the alveoli aie seen to pioject fiom the undei suiface of the 
pleuia These walls pioject into the stiuctuie of the lung in such a 
way as to foim pohgonal sacculations of varying sizes The openings 
of these saccules aie somewhat nauowei than the lemamdei of the 
saccule, and piesent a slighth thickei tissue in addition to the vessel 
In the living alhgatoi such openings have been obseived to conti act 
m such a way that they pi acticall) close the stoma 

The examination of a section of a lung lepiesentmg the deeper 
structuie shows a motley of facts that can be explained onl\ aftei a 
careful, painstaking stud} not onl} of the bionchial tree and the vessels, 
but also of the alveoli In such a section one is likely to see laigei bron- 
chioles or vessels cut tiansveiseh , obliquely or longitudinally Sections 
of the alveoli at raiious leads, and of the teimmal bronchioles at 
vanous angles may also be seen In ordei to leconstiuct the actual 
stiucture of the lung one must study its vanous paits, and thus event- 
uall} one mav make up a complete whole which will not be subject to 
eri or 

COMPARISON or TIIL LUNG TO \ SPONGE AND A TREE 

Foi a clearei undei standing of the stiuctuie of the lung, a com- 
parison between the lung and two well known objects, namely, the 
common sponge and the tiee, is helpful A gioss view of the sponge 
piesents a combination of laige and small openings with threadlike tis- 
sue between the laige ones If one looks on these large openings 01 
canals as lepresenting the bionchi, one may get a fanly accuiate stiuc- 
tural companson between these two oigans The canals in the sponge 
aie so constructed as to allow a maximum amount of w^atei to entei 
the canals and the smallei subdivisions so that the sponge rna) 
absorb oxygen and food fiom the watei In the lung the bronchi aie 
so constiucted as to allow 1 ' a maximum amount of an to come m contact 
with the capillanes of the alveoli so that an exchange of gasses may 
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be accomplished Because the sponge is an aquatic animal and has to 
obtain its ox)gen fiom the watei, piovisions have been made to allow 
the watei actuall) to come m contact with the smallei subdivisions of 
the sponge, which undei the nncioscope appeal as a dense netwoik of 
thieadhke tissue In the lung m which an is the means of oxygenation, 
a somewhat diileient auangement is piesent which allows the air to 
leach these smallei subdivisions This has been accomplished by the 
establishment of a tubulai system lepiesented by the bionchial tiee 
Thus the ail is sucked 01 blown into the smaller subdivisions of the 
lung A fuithei piovision has been made in the alveoli for allowing this 
an to leach the smallest capillanes This is accomplished by the thin 
wall that is found between these laigei capillanes, so that instead of 
the dense netwoik of thieadhke stiuctuies that aie seen m the sponge 
one now sees small chambeis pioduced b) a thin layer of tissue between 



Left Right 

Stercophotomiciograph of the normal human lung expanded to its nonnal 
volume and then dried, magnification, X 12 To obtain a cleai view, adjust the 
stereoscope until only one pictmc is visible and aftei getting the proper focal 
distance, keep looking until the stereoscopic view is obtained 

these tin cads Such a stiikmg functional and anatomic simulant) can 
be seen in the sponge and the steieomicioscopic pictuie of the lung 
that one can safely visualize the lung as a sponge, thus making the 
pictuie cleai ei and easiei to giasp 

Anothci sti iking companson that may simplify the conception of 
the stiuctuie of the lung is that between the lung and the tiee The 
tree is so constiucted in its blanchings as to give a maximum leaf sui- 
face The lung on the othei hand, is so constiucted as to give a maxi- 
mum alveolai suiface One may theiefoie see a definite similanty in 
the ultimate distnbution of the branchings in the bronchial tiee and 
an ordinal y tiee This companson will help one pinuaiilv m visualizing 



22 


ARCHIVES OF INTERNAL MEDICINE 


the mode of blanching m the bronchi, since the saccules of an aie dis- 
tributed much m the same manner as aie the leaves on an oidmai) 
shade tiee 

THE BRONCHIAL TREE 

The bionchial tiee divides from its origin at the trachea in a rather 
uniform manner A largei bronchus is given off to supply each lobe 
ot the lung This in turn subdivides into smaller bronchi, which m 
turn subdivide into tertiary bronchi Theie is a tendency toward 
blanching in an acute angle, but there is no legular tendency to 
dichotomy The terminal bronchioles arise from the tertiary 01 
quateinai) subdivisions In othei words, one does not see any minute 
subdivisions of the bionchial tree arising from the laiger bronchi 
Apparentl} the larger bronchi have two functions, namely, to give rise 
to smaller bi onchi and also to add to the structural strength of the lung 
The bronchioles of the third and fouith order are constructed to fill 
all possible space, but not to support appreciably the general structuie 
These subdivisions do not have any cartilages and are made up of 
fanly thin walls They have an enoimous number of terminal bronchioles 
that aie ananged to fill in all available space Such a branching if 
seen undei the micioscope would appear much like the cluster of 
saccules that fill the space between the larger bronchi and vessels 
It might be mentioned in passing that the alveolar tissue immediately 
suriounding a larger bronchus may arise fiom the branchings of an 
adjacent bronchus and have no functional relationship to its neighboi 

The teimmal bronchioles as studied by our method show many 
impoitant facts These bronchioles are made up of very thin walls, 
which aie so ai ranged that they present a series of groovehke depres- 
sions all along the inner surface of the bronchiole They terminate in 
the alveoli which are represented as terminal saccules grouped togethei 
at the end of each terminal bronchiole When a cross-section of such a 
bionchiole is studied, one is impressed with the appearance of a thin, 
threadlike stiucture much like a balustiade m a cuculai stancase The 
grooves that are piesent along the side opposite this balustrade may be 
teimmal 01 may branch out into alveoli 

THE NORMAL ALVEOLI 

The geneial appeal ance of the alveoli is not unifoim, and one raaj 
see alveoli of various sizes and shapes Frequently one sees openings 
m the mtei alveolar wall connecting two adjacent alveoli The mtei al- 
veolar wall is made up of thm, transparent tissue, so that one may see 
through it from one alveolus to another An alveolus may be described 
as a saccule of an irregular shape, either circular 01 polygonal, with its 
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walls so ananged as to lepiesent a thin layei of tissue extended between 
netwoiks of neighboung capillanes, and to allow a gnen amount of 
an to lemam in this saccule as long as possible 

When an alveolus is magnified 336 times one gets the impiession 
that the lung is pnmanly a vasculai oigan, because the laigei capillanes 
make up the skeleton of the alveolus, and between tlnee 01 foui such 
capillaiy stems theie is a very thin ‘wall like cigaiet paper connecting 
these stems This wall is also filled with numeious one-cell capillanes 
extending all along the suiface The w r all of these minute capillanes is 
so thin that it is invisible, and fiequently one gets the impiession that 
the alveolai w r all is made up of lidges sepaiated by giooves, the lattei 
lepiesentmg the pathway of the blood cells This is quite noticeable 
paiticularly in the hung fiog, in which the blood, aftei leaving the 
laigei capillaiy, suddenly itins into a laige numbei of channels in such 
a way that it appeals that the blood is spiayed into an open space 
and again collects in a laigei capillan on the opposite side 
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The noimal lung as seen by surtace steieomicioscopy 1 is made up of 
a senes of saccules separated fiom one anothei by a tbm, tianspaient, 
mteialveolar wall The bulk of this wall is composed of laige and 
small capillanes so ananged as to allow foi the laigest possible exposuie 
of blood to the aheolai gases Undei noimal conditions an enteis the 
alveoli thiough the teimmal bronchiole, and with each expnation a pait 
or the whole of this air is expelled back into the bionchial tiee and 
thence outwaid 

When inflammation occuis in the aheoli, it has its oiigm in the 
vasculai tiee, in the inner wall of the aheolus 01, by extension, in the 
pleuial suiface Regardless of ongin the steps of inflammation m 
the aheolus aie piactically the same as those in inflammation m an) other 
pait of the body In other woids, one would expect hypeienna fol- 
lowed by swelling and exudation and finally lesolution or suppuiation 

Because of the pecuhai sacculai stiuctuie of the alveoli and the 
marked vasculanty of the oigan the lung m undeigomg the steps m 
inflammation piesents ceitain unusual features Following an nutation 
to the alveolar lining, one would expect a swelling of the cells and 
hypeiemia m the vessels With the collection of increased fluid content 
in the intei alveolai wall, the fluids would natuially find then way in 
the dnection of least lesistance The exudate, theiefoie, would flow 
into the alveoli, which are filled only with ail that can be leadily dis- 
placed by any fluid Thus the development of the consolidation of the 
lung is completed Dui mg the eailier stages of inflammation when a 
laige amount of blood is piesent m the capillaries of the inflamed aiea, 
the exudate is bloody, and it impaits to the lung the appeal ance ot led 
hepatization Since the ail spaces are filled with liquids, theie is no 
longer crepitation m the tissues, and there is a conespondmg absence 
of the noimal resonance imparted by the piesence of air in the substance 
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of the lung As the mflammatoiy changes produce a diminution of the 
led blood elements and an mciease of the white blood elements, the 
coloi of the exudate changes accoidmgly fiom led to giay hepatization 

Consolidation of the lung tissue may also occur by the complete 
occlusion of air in the bionchial tiee In such a case the mechtimsm of 
fluid exudation depends on the inability of the lung to expand and 
conti act, and thus the fluid elements in the intei alveolar wall aie dammed 
back and natuially lun into the alveolar sac, filling it up moie and moie 
and compiessmg the an piesent into a minimal volume In the piesence 
of infection such an aiea makes a good cultuie medium foi bactena, 
and thus gives use to inflammation 2 

Consolidation may also be developed by mtioducmg fluids into the 
lung fiom the outside by means of mtiabionchial injection To pioduce 
such conditions, the defensive mechanisms of the lung must have been 
abolished Thus it is quite difficult to intioduce small amounts of fluid 
into the lung when the swallowing and cough leflexes aie still piesent 
When a large amount of such fluid is injected mtiabionchially these 
reflexes have no piotective power When, howevei, only small quan- 
tities (fiom 10 to 50 cc ) are injected, the lung can expel such fluid 
fan A well, unless it happens to be fleshly coagulating blood, which, on 
leaching the complicated intei stices of the alveolar stiuctuie, thiows its 
fibun netwoik in all dnections and gets so Aim a hold that even the 
baldest cough cannot expel the blood If fresh or fleshly coagulating 
blood is injected with f usosjm ochetes , fusospnochete jmeumoma and 
pulmonan abscess may lesult in a laige jDeicentage of cases 3 

ComjDiession of the lung pioduced by pneumothoiax, extiapleuial 
thoiacoplasty oi diajffiiagmatic heinia does not produce the consolida- 
tion seen in mflammatoiy lesions of the lung It is tiue that there is 
less aeiation and a vety slow giadual fibiosis secondaiy to the immo- 
bilization of the lung in these cases Under such conditions the alveoli 
are not di owned by exudate, nor is theie an mflammatoiy leaction 
other than the pieexistmg one The mteialveolai wall retains most of 
its elasticity, and as soon as the compiession is lemoved, it can again 
easily exjDand to its ongmal volume Such has been our experience m 
the expei imental pioduction of diaphiagmatic hernia m dogs In these 
animals a diaphiagmatic heinia was pioduced on the left side, and the 
dogs weie allowed to live fiom one week to six months At autopsy 
the cavity of the chest was found to be filled with the gastio-intestmal 

2 Coryllos, P N , and Birnbaum, G L Obstructive Massive Atelectasis of 
the Lung, Arch Suig 16 501 (Feb) 1928 

3 Joannides, M The Etiology of Pulmonary Abscess, Surg Gynec Obst 
47 449 (Oct) 1928 Hedblom, C A , Joannides, M, and Rosenthal, S Pul- 
monarv Abscess An Experimental Study, Ann Surg 88 823 (Nov ) 1928 
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ti act, and the lung appeared as a mere appendage of the pnmaiy 
bionchus On microscopic examination the lung showed the alveoli to 
be greatly contracted, but they contained an and showed no exudation 
m the alveolar sac The interalveolar wall was thicker than noimal 
and presented linear strands just as if numerous threads had been 
bunched together This picture has also been observed by surface 
stei eomicroscopy m the clinical examination of patients with lung com- 
pression caused by tumors of the bionchi extending into the lung tissue 
and also m cases of lung compression caused by thoracoplasty, pneumo- 
thorax and empyema In experimental compression of the lung result- 
ing from the production of diaphragmatic hernia, the normal serous 
membrane of the gastro-mtestmal tract came m contact with the serous 
surface of the pleura, thus avoiding the complications aiising fiom 



Surface stereophotomicrograph of a portion of the lung showing stages in 
pneumonia Note at the upper right hand corner the edema of the thin alveolar 
wall, which is not very transparent At the upper left hand corner the alveolar 
wall is more edematous, but the alveoli are not obliterated as they are in the 
center and in the lower half of the picture note the greater thickening of the inter - 
aheolar wall (To obtain a clear view, adjust the stereoscope until only one 
picture is visible, and after getting the proper focal distance keep looking until 
the stereoscopic view is obtained ) 

uritation of the pleura Under such conditions the lung could be 
expanded by increasing the intei alveolar pressure, and as soon as it was 
allowed to expand, practically all traces of compression disappeated, and 
the alveoli retained their normal contour A similar expansion of the 
lung occurs m pneumonia when the mtrabronchial piessure is increased 
to 20 or 35 mm of mercury A detailed leport of these observations 
will be found m another paper 4 

4 Joanmdes, M The Insufflation Treatment for Pneumonia, to be published 
m the February issue of the Archnes of Internal Medicine 
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Pneumonia, theiefoie, may be regaidecl, mici oscopically, as a di own- 
ing of the alveoli with endogenous 01 exogenous fluids This di owning 
results m the obhteiation of the alveolar sacculations giving use to 
atelectasis The mteialveolai wall undei going the changes due to 
inflammation becomes thicker and less elastic, so that one can see by 
suiface stereomici oscopy (see the accompanying figuie) pai tially 01 
completely occluded alveoli with their walls thickened to many times 
then oiigmal dimensions As the mflammatoiy leaction of the lung 
subsides and the walls get closer and closer to then oiigmal thickness, 
the lung legams its noimal elasticity so that it again expands and con- 
tacts The fluids m the alveolai wall then become absoibed as the lung 
begins again to expand and conti act The exudate in the alveolai sac is 
coughed up, and the pneumonia leaches its stage of lesolution In the 
case of pneumonia of the fusospnochete type, the piocess goes on to 
destruction with a lesultant formation of abscesses 
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This is a lepoit of ninety -seven cases of erythema mfectiosum which 
occuiied m Bianfoid, Conn, dm mg the late fall and wintei of 1929- 
1930 We saw r fifty-seven cases m the senes and kept clinical lecoids 
Information concerning the remamdei of the cases was obtained fiom 
Di A S McQueen, health officei, 01 from the Visiting Nurse Asso- 
ciation 

REVIEW or THE LITERATURE 

In 1886, Tschamei 1 repoited fiom Graz an epidemic of flinty 
cases of an euiptne disease which he chftei entiated fiom typical lubella, 
hut consideied a modified form (oithche lotheln) Gumplowicz, 2 m 
1891, and Tobeitz, 3 m 1898, both fiom Graz, reported further cases 
confiimmg Tschamei ’s obseivations and also agieemg with him that 
the condition wtis modified Geiman measles Eschench, 4 m a discussion 
of Tobeitz’ papei lead at Moscow m 1896 w^as the first to suggest that 
the disease was a distinct entity Schmidt, 5 in 1899, from Escherich’s 
clinic in Graz, descnbed two fiuthei epidemics m 1897 and 1899 
Eschench 0 stated that Stickei, 7 in 1899, descnbed an epidemic m Gies- 
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sen, without knowing of the woik liom Giaz, and gave to the disease 
the name 4 eiythema infectiosum,” which was accepted by Eschench A 
fiuthei description of ioity-five cases was given by Bet bench , 1 h one of 
Shekel's students Othei lepoits have been published b\ 1 npbe n in 
1901 (se\ enl\ cases), Feilchenfekl 10 m 1902, PI? elite 11 m 3904, Hu- 
mann ,J in 1904 (ten cases), Pospisclnll 13 m 1904, Esc bench* n. 1904 
a on Michalowicz 11 in 1910 Hcislei 15 m 1914 twenty -fi\c cases) 
Toblei 3(1 m 1914-1915 (sixty-six cases), Webei 17 m 1010, Ochsemus ’’ 
m 1917 (twelve cases), and Ivissingei 10 m 1928 (ten cases) 

The c.u best account of eiythema mfectiosum published m \mcuca 
wms that of Shaw- 0 in 1905, in which he descnbed cases seen be him 
in Vienna m 1904 and gave a histoucal ie\iew r and clinical discussion 
Puoi to Shaw's aiticle, descnptions of eiythema mkctiosum weu 
confined to the Gciman hteiatme, but since 1905 scatteied lepoits ha\e 
appealed iiom othei countnes In Amenca theie hate been only a 
few epidemics lepoited Shaw 21 cited a peisonal communication fiom 
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Dr Bianer of Hambuig, New Yoik, concerning a local epidemic of 
thnty-seven cases occuning in the spnng of 1919 Zahorsky, 22 in 
1924, lepoited nine cases fiom St Louis and mentioned having had 
several cases dui mg a local epidemic about ten yeais pieviously In 
1926, Heriick 23 published a clinical lepoit of seventy-foui cases pei- 
sonally obseived during 1924 and 1925 in Cleveland Heights Feeley, 24 
m 1928, lepoited one case which he diagnosed eiythema infectiosum 
Smith, 25 m 1929, lepoited fouiteen cases fiom Ogden, Utah, occuirmg 
m the fall of 1927 and the spring of 1928 

In 1926, Hanneman 2(1 lepoited an epidemic fiom the Nethei lands, 
m 1927, Taccone 27 lepoited one fiom Milan In 1928, Cathala and 
Cambessedes 28 lepoited cases in five of seven clnldien m one family 
Halle, in a discussion on then papei, mentioned having seen a small 
epidemic m a pi mate school tlnee yeais befoie the Woild Wai 

The descriptions of the disease as given by the vanous authois are 
essentially m agieement Seveial different names have been applied to 
the condition ortliche Rotheln, megalerythema epidemicum, exanthema 
loanable, eiythema simplex maiginatum, eiythema infantum febrile, 
epidennsche kmdeiiotlauf and fifth disease, but, at the present time, 
eiythema infectiosum seems to be generally accepted 

Complete discussions of erythema infectiosum aie given by Tobler, 29 
Stooss 30 and Shaw 31 The following account is summanzed fiom 
Shaw He defined eiythema infectiosum as a feebly contagious disease 
occuning chiefly m children, with very slight subjective symptoms 
charactenzed by a maculopapulai lose-ied rash more pronounced on 
the cheeks, legs and outei surface of the aims Nothing is known as 
to the etiology He stated that m cases m which it was possible to make 
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couect obsei i ations, the penocl of incubation was fiom six to fourteen 
clays The most chaiactenstic featuie of the disease is the eiuption, 
which otten is the fust and only sjmptom, although theie may lie a 
piochomal stage with slight malaise and soie thioat The wish apjieais 
hist on the face, and is theie quite chaiactenstic The cheeks aie chiefly 
invoked, with a confluent eiuption lesembling eiysipelas m appearance 
The skin ovei the cheeks has a lose-ied effloiescencc, is swollen, is hot 
to the touch, but not sensitive 01 itching, and is usually se painted fiom 
the noimal skin by a well defined, slightly laised edge, although the rwo 
ma) mcige giadually The nasolabial legion is not imoKwl while 
disci ete spots may be seen on the foiehead and chin The iash which 
is si mmeti ical, spieads penpheially, appealing on the bod) and extiem- 



Fig 1 (case 81)— Fouilh da\ Upper arm and trunk, showing the t>"'U 
appearance of the rash 

lties about the second da) Jt is most maiked on the extensoi sm U < ^ 
of the aims and legs and on the buttocks, the tiunk imanabl) being 
less involved than the face and the cxtiemities The eiuption is txpical 
and chaiactenstic on the extiennties Maculopapulai spots appeal 
which fade fiom the centei leaving a lacelike oi geogiaphic appeal ance 
This is well shown in figme 1 fiom case 81 The lash is luoie macula i 
than papulai, with only a slight elevation except on the face, and it 
blanches momcntaiily on piessuie It is not seen m the month oi 
fauces A pecuhai evanescence is often noted The rash apparently 
chsappeais, but reappeais aftei slight nutation of the skin I he eiup- 
tion fades rapidly fiom the face and tiunk, hut may last on the extie- 
nuties fiom six to ten days There is no desquamation, staining oi 
mat king Shaw states that the subjective symptoms aie conspicuous by 
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then absence, although a few adults have complained of a burning and 
pulling sensation in the cheeks and also of some joint tenderness lhae 
is no coiyza 01 cough, the conjunctivae aie not congested, the ljmph 
nodes aie not enlaiged and the uimc is noimal The tongue may be 
slightly coated, and theie maj be slight fe\ei Theie aie no complica- 
tions 01 sequelae, and no tieatment is lecommended 

CLINICAL OBSCRV VTI0NS 

Table 1 gnes the sex, age, date of onset, dmation of iash, pieMOus 
cases in the family and school attended in the nmet\ -seven cases of the 
epidemic in Bianfoid, as fai as such mfoimation could be obtained 
The cases that we have seen aie staired Theie weie fifty-foui females 
and foity-three males Eighty-eight of the ninety-seven patients weie 
from 4 to 12 years of age, with an aveiage in that age group of S J /2 
yeais The youngest patient was 8 months old, the oldest 45 years 
The duiation of the iash varied from two to twenty-foul days In 
Hei lick’s 23 cases the dmation was fiom three to twent) -one days 

The following desuiption is based on oui senes of fifty-seven cases 
Theie weie no definite prochomal symptoms Twelve chilchen gave a 
histoiy of a mild uppei lespiratoiy infection within one week befoie the 
appearance of the iash, which may have been incidental, as many of 
them wei e known to be subject to frequent colds In three chilchen 
colds developed after the iash was full blown Five childien had ques- 
tionable slight malaise for from one to two days preceding the appeal - 
ance of the rash In all othei instances the rash was the fust symptom 
noted and was the only symptom m the majonty of cases In most of 
the cases, the iash appealed fust on the face When it was well devel- 
oped, the cheeks weie fleiy led and the patient appealed ovei heated 
The rose-red effloi escence mentioned by many authois was particulaih 
well maiked m biunettes On close inspection the iash was seen to 
consist of rose-red maculopapules which became confluent ovei the 
cheeks but might lemain disci ete oi produce a gyiate pattern as it 
extended back towai cl the eai s The pattei ned l ash sometimes extended 
across the angle of the jaw and along the neck below the eai and, laiely, 
back of the ear It was at times seen on the chin oi forehead, oi theie 
might be chsci ete spots m these aieas The coloi heie was nevei so 
bnlhant as ovei the cheeks The iash usually did not budge the nose 
but sometimes extended onto the sides The confluent aiea felt hot to 
the touch and had a slightly elevated edge Theie was a definite 
cucumoial pallor In no case was the iash seen to extend beyond the 
nasolabial folds 1 he rash on the face lasted fiom one to tlnee oi foui 
clays, rai ely longer 



Table 1 — Cases of Eiythcma Infect losttm 





Previous Cases 

Date of 

Duration 


Case 

Age 

Sc\ 

in Family 

Onset 

m Da\s 

School 

1 M Z 

8 

P 

None 

Nov 2 

30 

Center 3 

2 M E 

6 

P 

None 

Nov G 

3 

Harrison A 1 

3 M M 

11 

P 

None 

Nov 0 

9 

Laurel St 7 

*4 J W 

11 

P 

None 

Nov 10 

11 

Laurel St. 7 

5 A R 

6 

P 

None 

Nov 11 

21 

Harbor St 1 

*6 H R 

4 

P 

None 

Nov 11 

10 


7 AS 

6 

M 

None 

Nov 12 

3 

Harrison V 1 

8 H D 

S 

P 

None 

Nov 12 

17 

Center 3 

9 J D 

10 

M 

None 

Nov 12 

6 

Center 5 

10 R D 

7 

M 

None 

Nov 13 

5 

Center 2 

*11 M P 

11 

P 

None 

Nov 13 

8 

Center 6 

*12 B P 

9 

P 

None 

Nov 13 

15 

Center 5 

*13 S R 

9 

P 

Case 5 

Nov 13 

15 

Harbor St 4 

14 B S 

o 

P 

None 

Nov 13 

5 

Center 4 

15 M B 

6 

P 

None 

Nov 14 

3 

Harrison A 1 

16 N P 

9 

3tf 

None 

Nov 14 

9 

Center 4 

*17 P R 

11 

P 

Cases 5, 33 

Nov 15 

11 

Harbor St 6 

*18 K G 

3 

P 

None 

Nov 15 

14 


*19 G B 

10 

M 

None 

Nov 15 

G 

Center 4 

20 A S 

11 

P 

None 

Nov 16 

3 

Center 6 

*21 M Z 

45 

P 

Case 1 

No\ 17 

7 


*22 T K 

6 

M 

None 

Nov 18 

7 

Harbor St 1 

*23 M M 

7 

M 

None 

Nov IS 

10 

Canoebrook 2 

24 L A 

11 

P 

None 

Nov IS 

o 

o 

Center 4 

*25 M D 

10 

P 

Case 9 

Nov 19 

10 

Center 5 

*20 R 0 

8 

M 

None 

Nov 20 

21 

Center 3 

*27 A B 

8 

P 

None 

Nov 20 

11 

Centei 3 

*2S 0 B 

11 

M 

Case 19 

Nov 20 


Center 6 

*29 0 B 

10 

M 

None 

Nov 20 

5 

Center 5 

*30 A M 

9 

M 

None 

Nov 21 

14 

Harbor St 3 

31 G D 

6 

M 

Case 8 

Nov 22 

9 

Harrison V 1 

*32 G P 

8 

M 

None 

Nov 22 

13 

Center 4 

*33 J 0 

7 

M 

None 

Nov 22 

34 

Harbor St 3 

*34 P P 

12 

M 

Case 11 

Nov 23 

17 

Center 6 

*35 M D 

2 

P 

None 

Nov 24 

8 


*36 E B 

32 

P 

None 

Nov 24 

6 

Laurel St 7 

37 E J 

8 

P 

None 

Nov 24 


Center 3 

*3S D B 

6 

P 

? 

Nov 25 

7 

Harrison A 1 

*39 A A 

8 

M 

None 

Nov 25 

14 

Center 3 

*40 C A 

9 

P 

Case 24 

Nov 25 

24 

Center 3 

*41 M P 

11 

P 

Case 16 

Nov 25 

15 

Center 6 

*42 A W 

8 

P 

None 

Nov 25 


Center 3 

*43 V A 

S 

P 

None 

Nov 25 

12 

Center 3 

*44 M M 

8 

P 

None 

Nov 25 

12 

Center 3 

*45 E H 

8 

F 

Case 39 

Nov 27 

8 

Center 3 

46 M B 

5 

P 

None 

Nov 27 

2 

Har Av Lind 

*47 C K 

9 

P 

None 

Nov 28 

14 

Center 3 

*48 T O 

9 

M 

None 

Nov 2S 

12 

Center 3 

*49 S K 

8 

M 

None 

Dec 2 

14 

Center 3 

*50 B P 

11 

P 

None 

Dec 4 

16 

Center 6 

*51 V P 

10 

F 

None 

Dec 4 

4 

Indian Neck 5 

*52 E A 

9 

P 

None 

Dec 5 

7 

Center 3 

*63 M C 

8 

P 

None 

Dec 5 

11 

Center 2 

*54 V A 

8 

M 

None 

Dec 5 

13 

Center o 

*55 J B 

12 

P 

None 

Dec 6 

15 

Center 6 

*56 G B 

10 

M 

Case 46 

Dec 6 

5 

Center 5 

57 D J 

5 

P 

None 

Dec 8 



*58 A P 

10 

P 

Cases 11, 34 

Dec 10 

7 

Center 5 

*59 J P 

8 

P 

Cases 11, 34 

Dec 10 

8 

Center 3 

GO H J 

7 

M 

Case 57 

Dec 11 


Harrison A 2 

*61 G D 

9 

P 

? 

Dec 13 

10 

Center 4 

*62 R B 

5 

M 

None 

Dec 14 

14 


*63 N W 

9 

P 

None 

Dec 14 

10 

Center 4 

*64 M B 

9 

M 

Case 62 

Dec 15 

30 

Canoebrook 4 

65 H L 

11 

P 

None 

Dec 17 


Harbor St 5 

*66 R J 

12 

M 

Cases 57, 60 

Dec 17 

7 

Center 5 

07 I P 

5 

P 

Cases 11,34, 58, 59 

Dec 18 

7 


*68 P B 

7 

M 

None 

Dec 18 

6 

Harrison A 2 

69 J S 

12 

M 

None 

Dec 18 


Laurel St S 

70 G H 

8 

P 

None 

Dec 26 


Stony Creek 2 

71 A P 

7 

M 

Cases 11, 34, 5S, 59, 67 

Dec 28 

7 

Center 2 

72 E H 

10 

P 

Case 70 

Tan 1 


Stony Creek 6 

*73 H D 

7 

M 

None 

Jan 2 

14 

Indian Neck 2 

*74 J C 

8 

M 

None 

Jan 2 

14 

Indian Neck 3 

*75 A T 

6 

P 

None 

Jan 2 


Canoebrook 1 

*76 If 0 

6 

M 

None 

Jan 2 


Indian Neck 1 

77 H B 

33 

r 

None 

Jan 2 

2 


78 S 0 

20 

p 

None 

Jan 2 



79 G D 

4 

p 

Case 73 

Jan 5 

21 


*80 H H 

8 

M 

None 

Jan 7 

5 

Center 3 

*81 R D 

8 

M 

Cases 73, 79 

Jan S 

IS 

Indian Neck 3 

82 H M 

9 

P 

None 

Jan 9 

6 

Harbor St 3 

*83 J W 

S mo 

M 

None 

Jan 11 

21 



Cases seen by authors 




Table 1 — Cases of Erythema Infectiosum — Continued 







Previous Oases 

Pate of 

Buration 




Ci'P 

Age 

Sev 

m Family 

Onset 

m Pajs 

School 

*S4 

S 

V 

35 

M 

Case 83 

Jan 

13 

24 


85 

D 

c 

14 

11 

None 

Jan 

15 


Laurel St S 

CO 

CO 

* 

T 

V 

12 

11 

Cases 83, 84 

Jan 

17 

5 

Laurel St 8 

87 

P 

p 

12 

F 

None 

Jan 

17 


Laurel St 8 

88 

A 

E 

10 

11 

None 

Jan 

17 


Canoebrook 4 

89 

W 

L 

12 

11 

None 

Jan 

21 


Harbor 5 

*90 

L 

M 

11 

F 

Case 25 

Jan 

22 

8 

Canoebrook G 

91 

P 

X 

8 

11 

Case 89 

Jan 

23 


Harbor 2 

92 

E 

V 

10 

11 

Cases 83, 84, 8G 

Jan 

27 

7 

Center 5 

93 

A 

B 

13 

M 

None 

Jan 

29 


Laurel 8 

94 

P 

S 

10 

It 

None 

Feb 

3 


Center 3 

95 

U 

Ii 

10 

11 

None 

Feb 

4 


Indian Neck 4 

90 

H 

11 

9 

r 

None 

Feb 

5 


Canoebrook 1 

97 

E 

n 

8 

F 

None 

Feb 

19 


Center 3 


* Casts seen bj authors 


About one day aftei its appearance on the face the patterned rash 
appealed on the extensor surfaces of the aims, usually appearing first 
on the uppei arms and subsequently on the forearms and dorsal sur- 
faces of the hands (fig 2) Within from twenty-four to forty-eight 
hours it extended to the flexor surfaces, tending at the same time to 
cleai on the extensoi surface, leaving pale areas outlined by the traceries 
of the rash Figuie 3 shows this clearing, although in this case it 
occurred somewhat earlier than usual The legs and trunk were involved 
at approximately the same time as the arms, or some hours later The 
buttocks frequently showed a more brilliant lash than the extremities, 
usually maculopapular in character In some cases the trunk showed 
no eiuption, or only a few isolated spots usually over the chest and 
back A small number of cases showed a diffuse rash over the tiunk 
The eruption on the legs resembled that on the arms and was always 
more marked on the extensor surfaces Rarely it extended to the doisal 
surfaces of the feet The axillary folds, when involved, the wrists and 
the elbows showed a more brilliantly colored rash than was observed 
elsewhere on the extremities The rash might peisist for some time on 
the wrists and around the elbows after it had disappeared from the rest 
of the body A cyanotic maibhng of the extremities in the late stage 
or following the rash was seen m several cases, an appearance which 
would seem to resemble the marble-like mottling of Braner 32 and the 
dusky mottling like a faint cyanosis desenbed by Herrick 23 Although 
the rash m general was quite characteristic, it varied somewhat in 
individual cases Some patients either had no rash on the face or it 
was overlooked Several showed the characteristic patterned rash only 
on the arms In some cases the rash was definitely elevated in some 


32 Braner, cited by Shaw (footnote 21, second reference) 
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areas, especially ovei the upper aim and shoulder, m otheis it was 
appaiently maculai It faded momentanly on piessuie The eianes- 
cence noted by previous iviiteis was obseived in many of these cases 
There was no desquamation 01 staining No eiuption w^as seen in the 
mouth 

Symptoms and signs othei than the lash weie few 01 absent Thice 
adults complained of burning of the cheeks and itching of the lash 



Fig 2 (case 64) — Second day of rash Left arm, showing characteristic pat- 
terned rash 


Only two childien complained of itching Of sixty-eight tempeiature 
readings, four weie above 100 F Two patients had a tempeiatuie of 
102 F at the onset, the highest reading recorded The others ranged 
from nonnal to 99 8 F Several patients showed slight conjunctnal 
injection, which disappeared as the rash cleaied Several showed slight 
injection of the anterioi fauces, but none had symptoms of soie throat 
Eight patients had herpes labialis A few children had enlarged, non- 
tender cervical lymph nodes, but iveie known to have had them pievi- 
lously The 2 year old patient ivas consideied by hei mother more 


Tablf 2 — Leukocyte and' Diffei cntial Counts 





Bay 

Temper 

51 hite 

Poly 

1/vm 




Un 




of 

ature. 

Blood 

morpho 

plio 

Mono 

Eosmo 

Bnso 

classi 

Ca«c 

Age 

Se\ Rash 

F 

Cells 

nuclears 

cytes 

cytes 

phils 

phils 

fled 

33 

2 

r 

4 

99 0(E) 

11,700 

39 40 

41 20 

6 20 

11 60 

0 00 

1 00 




6 

99 6(R) 

13,200 

47 50 

33 25 

9 25 

9 00 

0 25 

0 75 

02 

5 

M 

3 


9,600 

03 00 

20 25 

8 50 

0 50 

0 50 

1 25 

22 

G 

51 

5 

99 2 

10,200 

50 75 

31 25 

7 00 

2 75 

0 75 

1 50 

3S 

0 

F 

1 

9S 0 

0,600 

44 SO 

37 00 

9 40 

7 40 

120 

0 20 




3 

99 0 

5,300 

48 25 

36 50 

9 25 

5 75 

0 25 

0 00 




8 

99 7 

0,300 

53 00 

33 75 

7 50 

3 75 

0 50 

1 50 

GS 

7 

M 

1 

99 0 

7,000 










n 

o 


5 S00 







20 

S 

H 

3 

99 2 

G,900 

48 99 

3S3S 

5 02 

4 68 

090 

137 




0 

99 0 

7,000 

49 00 

39 50 

6 00 

3 00 

125 

125 




8 

99 6 

6,700 

46 75 

43 25 

5 25 

2 50 

100 

125 




10 

99 6 

8,100 

57 25 

31 00 

7 25 

2 50 

2 00 

OOO 




13 

99 4 

0,100 

54 50 

31 25 

8 65 

310 

100 

1 50 




16 

99 2 

7,500 

54 50 

38 25 

3 25 

175 

0 50 

1 75 




20 

97 8 

6,300 

40 50 

40 25 

7 75 

3 25 

0 50 

175 

2S 

S 

F 

5 

99 0 

S,200 

53 75 

34 75 

7 75 

2 25 

0 00 

1 50 

39 

S 

51 

1 

9S6 

7,800 

59 00 

30 00 

8 00 

2 25 

0 50 

0 25 




3 

98 2 

7,800 

62 25 

28 75 

5 00 

3 25 

0 00 

0 75 

32 

S 

51 

0 

99 5 

8,500 

45 50 

42 75 

7 25 

3 75 

0 50 

0 25 




11 


7,700 

51 00 

35 20 

6 00 

4 00 

0 00 

2 00 

44 

S 

F 

8 

99 2 

9,100 

68 50 

19 50 

3 75 

6 50 

0 25 

1 50 

49 

S 

51 

4 

99 0 

G,100 

47 50 

35 25 

2 75 

12 75 

0 50 

125 




8 

991 

7,000 

09 00 

23 25 

2 SO 

4 75 

0 25 

0 25 

53 

S 

F 

1 

99 0 

14,400 

00 50 

32 75 

2 50 

3 00 

0 25 

100 

12 

9 

r 

10 


7,000 

70 75 

18 75 

0 25 

100 

175 

150 

30 

9 

51 

2 

99 4 

8,200 

40 30 

37 40 

13 1G 

2 00 

0 00 

1 58 




12 


0,800 

5100 

34 50 

7 00 

4 50 

0 75 

2 25 

13 

9 

F 

1 

99 S 

0,400 

48 50 

3175 

9 50 

8 50 

0 25 

150 

40 

9 

F 

3 

9S8 

7,400 

55 75 

29 75 

6 75 

5 75 

125 

0 75 




8 

99 4 

0,500 

57 00 

28 00 

4 60 

0 80 

0 40 

2 60 




11 

9S4 

7,900 

46 25 

4100 

3 00 

SOO 

0 25 

1 50 

4S 

9 

51 

8 

99 8 

8,000 

52 75 

3125 

6 75 

6 75 

0 25 

2 25 

52 

9 

F 

1 

99 S 

9,500 

66 00 

26 25 

175 

4 50 

0 00 

1 50 

01 

9 

r 

4 

991 

0,700 

52 25 

29 75 

4 50 

10 50 

0 50 

2 50 




0 

99 5 

8,000 

52 50 

28 75 

6 75 

10 50 

0 50 

1 00 

04 

9 

51 

o 


7,100 

6125 

27 50 

8 25 

175 

0 25 

0 75 




4 


7,100 







03 

9 

F 

7 

9SS 

5,900 







29 

10 

51 

o 

t_> 


7,300 

50 25 

39 00 

4 23 

4 25 

1 00 

1 25 

25 

10 

F 

4 

99 2 

10,800 

52 50 

38 00 

5 50 

2 50 

0 50 

10 0 

51 

10 

F 

2 

100 2 

0,000 

57 25 

33 50 

4 75 

2 50 

0 50 

1 50 

11 

11 

F 

5 


5,200 

39 00 

37 00 

11 00 

13 00 

0 00 

0 00 

41 

11 

F 

11 


0,200 

52 25 

37 75 

3 23 

5 50 

0 00 

1 23 




15 

99 0 

6,000 

53 25 

34 75 

5 00 

5 50 

0 50 

100 

50 

11 

r 

2 

99 8 

S,000 

51 50 

40 25 

5 50 

2 75 

0 00 

0 00 

34 

12 

51 

10 


7,000 

50 50 

31 00 

6 50 

10 00 

0 25 

175 




13 

99 2 

9,000 

49 50 

40 00 

5 25 

4 00 

0 50 

0 75 

36 

12 

F 

4 

99 0 

8,400 

49 50 

30 25 

5 73 

7 50 

1 00 

0 00 

OO 

12 

51 

4 


5,100 







S4 

35 

51 

7 


3,«00 







0 

4 

F 

7 



4S00 

30 50 

soo 

13 50 

0 00 

000 

14 

9 

F 

5 



42 50 

40 50 

7 00 

3 50 

0 50 

0 00 

19 

10 

51 

S 



56 40 

34 SO 

4 00 

300 

0 20 

1 00 

4 

11 

r 

s 



41 50 

49 00 

4 50 

4 00 

1 00 

0 00 



\ 
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Tig 3 (case 64) — Second da\ of iash Left arm extensor surface, showm 
skited ccntial area which appears as rash extends to flexor sin face 




LAI VI ON-SMI'l II— ERYTHEMA 1NHIC1 10SUM 


37 


irritable than usual Otheiwise no changes were noted m an) oi the 
cases No complications or sequelae weie obseived 

The lesults of leukocyte and differential counts are given in table 2 
The distribution of leukocyte counts on difleient days of the lash is 
shown m figure 4 The counts weie all taken by one peison Difiei- 
ential counts were made on paned cover slip pi eparations, and a mini- 
mum of 400 cells counted The cells included as unclassified weie 
mainly pathologic lymphocytes The counts show no leukocytosis, but a 
tendency toward eosmophilia and a relative lymphocytosis Henick- 5 
repoited 7 counts which he considered to be of no diagnostic significance 
Cultuies taken fiom the throat in twelve cases and planted on 
blood agar plates showed only the usual mouth floia 
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Fig 4 — Leukocjte counts according to the day of the rash 


SELECTED CASE HISTORIES 

Casl 25 — On Novembei 19, a girl, aged 10 years (brother, case 9, had a rash 
starting on November 12), was reported by the visiting nurse to have marked 
rash on the face and body , the temperature was 102 F There were no prodromal 
symptoms We first saw the patient on November 20, at which time the tempera- 
ture was 998 F , the conjunctivae and anterior pillars of the fauces were slightly 
injected The face showed a very red efflorescent rash with an erysipeloid dis- 
tribution and an elevated margin, and was very hot to the touch There was 
an extensive, dusky red, maculopapular eruption over the trunk and extremities, 
the groups of lesions separated by clear spaces giving a blotchy appearance On 
November 22, the temperature was 992 F, the conjunctivae and antenor fauces 
u'ere still slightly injected and the rash on the face was fading On the extensor 
surfaces of the arms the rash was practically confluent and quite red and 
extended to the dorsal surfaces of the hands The flexor surfaces of the arms 
were mottled and somewhat cyanotic The rash v r as marked over the buttocks 
and lateral aspects of the thighs and slight over the chest and back, with a faint 
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lacy rash on the abdomen On November 25, the lash had disappeared from the 
face, but was still present on the dorsal surfaces of the hands, including the 
proximal phalanges, and over the extensor surfaces of the elbows A mottled 
rash was present over the buttocks On the tenth day, the rash had entirely 
disappeared There were no other symptoms during the period of observation 

Case 39 — A boy, aged 8 >ears, first noticed a rash on the arms on November 
25 We first saw him on the same day The face appeared flushed but showed 
no definite eruption The cervical glands were enlarged, but not tender (adenoid 
facies) The throat was not injected There was a patterned rash over the 
extensor surfaces of the arms, more marked on the upper arm The chest and 
buttocks appeared mottled The temperature was 98 6 F On November 27, the 
rash was still present on the extensor surfaces of the arms and on the buttocks, 
with a marked rash on the anterior surfaces of the thighs On November 29, 
there was a slight rash on the flexor surfaces of the forearms On December 2, 
a definite marbled rash was present over the thighs, anteriorly and posteriorly 
There was no rash elsewhere All of the rash was gone in two weeks There 
were no other symptoms 

Case 51 — On December 4, a girl, aged 10 years, was sent home from school 
by the visiting nurse because of a brilliant rash on the face We first saw her 
on December 5, at which time the temperature was 100 2 F , the conjunctivae were 
slightly injected, but the throat was not The cheeks showed a confluent, slightly 
raised rash, which was hot to the touch A rash was present on the chin extend- 
ing onto its under surface There was a patterned rash on the arms, more marked 
on the flexor surfaces The anterior and posterior axillary folds were covered 
with a brilliant rash After exposure to the cool air of the room, a definite rash 
appeared on the chest, abdomen, buttocks and thighs On December 6, the rash 
was clearing up, but w'as still marked on the arms On the fifth day, the rash 
had entirely disappeared There was no recurrence There were no other 
symptoms 

EPIDEMIOLOGY 

Tobler 33 mentioned the fact that all the available communications 
on erythema mfectiosum leport group infections, and that epidemics 
\arymg m extent may recui m the same place after intervals of a few 
tears, he cited specifically the reports of Schmidt, Gumplowicz and 
Tobeitz fiom Graz He does not think that individual reports fiom a 
large city give an accuiate pictuie of the actual spread of the disease, 
and that because of the lack of symptoms and the fact that the disease 
is not reportable, the actual figuies aie piobably much highei than those 
lepoited His own series of cases from Breslau came almost entirely 
trom the matenal of a single clinic m a city of more than half a million, 
while it was estimated that two thirds of the patients came from the 
neighboring quaiters of the city He expressed the belief that this 
should be taken into consideration in mterpieting the distribution of his 
cases, the greatei number of which occurred m the neighborhood of the 
clinic He said that the actual morbidity m Breslau was much greater 
than that reported by him He considered that the fact that erythema 

33 Tobler (footnote 16, second reference) 
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mfectiosum is fiequently leported as occulting in association with 01 
following measles, Geiman measles and scailet fever does not indicate 
any essential connection For weeks duiing the Bieslau epidemic 
which lasted from November, 1913, to March, 1914, eiythema mfecti- 
osum was the only observed infectious exanthem 

Shaw 34 stated that as the disease is not found fiequently it may 
be assumed that the contagiousness is limited or the predisposition is 
not general He mentioned that a number of Weber’s cases occuned 
m an orphan asylum where only two or three cases developed a week 
In many instances it has been lepoited to spiead through families 
Herrick 23 noted that in the 1925 epidemic m Cleveland Heights theie 
weie no cases m the school in which most of the cases weie obseived 



Fig 5 — Incidence of reported cases by weeks 


during the 1924 epidemic He considered that one attack establishes 
a specific immunity 

The present epidemic of eiythema mfectiosum began on Nov 1, 
1929, and lasted until the middle of February, 1930 The number of 
cases by weeks is given m figure 5 

Analyses of the city water supply, made by the laboratones of the 
State of Connecticut Department of Health, on Oct 22 and Nov 19, 
1929, were repoited by Dr I V Hiscock to show nothing abnoimal 
The water supply of one family, m which cases 62 and 64 occuned, was 
from a private well In case 62, that of a pieschool child, the patient 
was stated to have had no water except that fiom the home well for 
at least two weeks prior to the appearance of the lash In case 64, 
however, the patient attended school, and the fiist signs of rash dei el- 


34 Shaw (footnote 21, first reference) 
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oped one day after its appearance in the patient in case 62 Milk and 
food supplies were investigated by the local health officei, and were 
considered to have no epidemiologic significance 

Of sixty-eight families in the senes with two or more children, 
seventeen had moie than one case In one family with six children, all 
six had erythema mfectiosum, the laigest number of cases in one family 
obseived in the present senes case 11, onset November 13, case 34, 


TABLr 3 — Incidence of Cases m Schools 


School 

Room 

Center 

Grades 11 and III 

Grade III 

Grade IV 

Grade V 

Grade VI 

Canoebroo! 

Grade I 

Grades II and III 
Grades IV and V 

Grades V and VI 

Harbor St 

Opportunity 

Grades I and II 

Grades III and IV 
Grades V and VI 

Harrison Avenue 

Kindergarten 

Grade I 

Grades I and II 

Indian Ned 

Grades I, II, III and IV 
Grades V and VI 

Laurel St 

Grade % II-l 

Grade VII-2 

Giade 'VII-3 

Grade VIII-1 

Grade VIII-2 

Grade VIII-3 

Stony Creek 

Grades I and II 

Grades II and III 
Grades IV and V 

Grades VI and VII 
Grade VIII 


All schools 




Total 

Total 

Enrollment 

Cases 

Enrollment 

Cases 

31 

5 



41 

18 



43 

7 



4S 

8 



41 

7 

204 

45 

32 

2 



40 

1 



39 

o 



3S 

T 

149 

0 

13 

0 



40 

3 



36 

4 



31 

3 

120 

10 

48 

1 



41 

5 



31 

2 

120 

S 

44 

5 



33 

1 

77 

G 

21 

0 



41 

1 



41 

2 



37 

1 



39 

0 



79 

4 

23S 

S 

on 

oo 

1 



37 

0 



3S 

0 



33 

1 



34 

0 

175 

2 



1,103 

S3 


No\ ember 23, cases 58 and 59, Decembei 10, case 67, December 18, 
case 71, Decembei 28 

Eighty-five of the cases occuned in school childien It is interesting 
to note that the fust patient attended Center School, m which there were 
fort} -five cases in all, the highest incidence m any of the schools Cases 
by schools are given m table 3 The distribution of cases in the town 
was fairly geneial, and not confined particularly to any one localit) 

In fifty cases information was obtained, from paients m the case of 
children, with respect to a previous history of measles, rubella and 
scarlet fever Forty-one of the fifty patients had had measles, eleven 
mbella and fhe scarlet fever, while ten had had both measles and rubella 
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and five both measles and scat let fevei Twenty-six had had measles 
only and one lubella only, while none of the fifty had had all thiec 
Immediately piecedmg and during the time of the epidemic, theie veie 
no known cases of measles 01 lubella in the town 

LXPERIMENTAL OBSERVA1IONS 

Nasophaiyngeal washings were obtained from two cases, one on the 
first day of the lash and one on the eighth day These washings veie 
made with from 15 to 20 cc of steule physiologic solution of sodium 
chlonde, kept at body tempeiature, and each within one horn was inocu- 
lated, unfilteied, under aseptic conditions, into a healthy wdute male 
labbit, the abdomen and flanks of which had been shaved fiom twent)- 
foui to forty-eight houis pieviously The inoculations w r eie made 
mtrapei itoneally, mtiatesticularly and on the scanfied cornea Conti ol 
rabbits, shaved at the same time as the foimei, w^eie similaily inoculated 
with sterile physiologic solution of sodium chlonde Daily obsenations 
were made, and it was felt that no significant lesults weie obtained 
There w^eie no local leactions at the sites of injection and no skin 
changes, and the labbits maintained normal appetites and appaienth 
remained w^ell 

SUMMARY 

An epidemic of mnet) -seven cases of eiythema infectiosum occuinng 
in Branfoid, Conn, is leported The lesults of clinical examinations, 
including reports on leukocyte and differential counts and thioat cul- 
tures, are given The epidemiology is discussed, including the incidence 
of cases m families and schools Experimental woik, the lesults of 
which w^eie entirely negative, is cited 

The epidemic in Bianfoid was similai in all lespects to pieviouslj 
reported epidemics of eiythema infectiosum The characteristic fea- 
tures of the disease are the lash, its distribution, the evanescence, the 
relatively long duiation and the absence of other symptoms It seems 
to be a distinct clinical entity, and all evidence points to its being trans- 
mitted from person to person, although the exact mode of tiansmission 
and the etiology of the disease aie unknown 



LEUKEMIC CHANGES OF THE GASTRO- 
INTESTINAL TRACT * 

W SCLAIR BOIICAN, MD 

CHICAGO 

In leukemia, the gasti o-intestmal tract has leceived but little atten- 
tion Symptoms referable to it are usually mtei preted on the basis of 
the coexistent cachexia and anemia Roentgen studies aie few (Holmes, 
Dresser and Camp 1 ), and m most instances the pathologic changes are 
discovered only at autopsy Involvement of the gasti o-mtestinal tract 
by the leukemic process is not only of theoietical, but also of practical, 
interest, as gastro-intestmal leukemia may dominate the clinical picture 
Even emergency opeiations may be found necessary when intussuscep- 
tion or perforation occui s 

Fourteen cases of leukemia, eleven myelogenous and three lymphatic, 
weie studied with particulai reference to the gasti o-mtestmal changes 
One, a case of chionic lymphatic leukemia, will be presented in detail 
because of features of great lanty The lemaming cases will be 
anal} zed in the general comment and review of the hteiature 

REPORT Or A CASE 

Htstoiy — W W, a white man, aged SO, entered the Cook County Hospital on 
Feb 21, 1930 He stated that in the past four months he had noticed that his 
abdomen was getting larger He had had no abdominal distress of any kind 
Simultaneously, a few nodules had appeared below the jaw on both sides In 
the last two months, the swelling had increased so much as to make it difficult 
for him to open his mouth In the past two weeks, his gums had become swollen, 
were painful and prohibited chewing The teeth were falling out painlessly 
Recently his ankles had begun to swell Further questioning elicited the fact 
that the patient suffered from a moderate diarrhea of from three to four water} 
bowel movements per day 

The past history was of no significance 

Examination — On physical examination, he was maikedly emaciated The 
gums were swollen and tender and discharged pus from the alveoli of the jaw 
There was a markedly foul odor from his mouth The cervical glands formed 
huge masses, unattached to the skin and moderately adherent to each other, dis- 
crete nodules were present in the posterior triangles of the neck The heart 
showed no abnormalities 

The lungs were normal, except for a limitation of expansion on the left side 

Submitted for publication, July 14, 1930 

x From the Department of Pathology, Cook Countv Hospital 

1 Holmes, G W , Dresser, R, and Camp, J Lymphoblastoma Its Gastric 
Manifestations with Special Reference to the Roentgen Findings, Radiology 7 44, 
1926 
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In the abdomen, the lrxn was found 5 fingerbreadths below the costal margin 
The spleen extended from the fourth rib in the midaxillary line to the costal 
margin and had a firm, notched edge 

There was a moderate amount of shifting dulness in both flanks The lower 
extremities pitted on pressure 

Examination of the blood showed the following erjtbrocytes, 2,000,000, hemo- 
globin, 40 per cent, leukocytes, 86,000, lymphoblasts, 92 per cent, l\mphoc\tes 
4 per cent, neutrophil leukocjtes, 3 per cent, nucleated red blood corpuscles, 0, 
basophils, eosinophils, mononuclears, 0, and platelets, 120,000 

The nucleus of the lymphoblast was trabeculated and moderateh dense The 
cytoplasm was ample and slightly basophil, with manj azurophil granules 
The oxydase reaction was negative The red blood corpuscles showed slight amso- 
cytosis 

Diagnosis — The case was diagnosed as acute termination of a chronic Ijmphatic 
leukemia 

Couise — In the succeeding five days, the patient became moribund, the tem- 
perature rose to 101 F, rales developed m the bases of the lungs and he died on 
Feb 26, 1930 

Postmoi tern Examination — The body was that of a white man The skin was 
grayish white The left cheek and both e 3 r elids were markedly swollen, and there 
was marked ecchymosis of the left eye From the left ear there w'as a discharge 
with a foul odor The lips were pale, most of the teeth w f ere absent, and the 
gums were swollen, dirty gray and in places covered by foul-smelling, soft, 
brownish membranes 

The right posterior cervical glands were shotlike The anterior cer\ ical glands 
formed huge masses under the lower jaw Enlarged glands w r ere present m the 
left axilla and m the groins The abdomen w r as slightly distended 

The thoracic cavity levealed circumscribed adhesions about the lateral and 
posterior aspects of the right lung The lungs were distended, the upper lobes 
crepitant and the lower lobes subcrepitant The pleurae w r ere purplish graj The 
cut surface was purplish gray and moderately moist The lymph glands at the 
hilus measured as much as 10 mm , at the bifurcation, as much as 20 mm The\ 
were firm and mottled gray 

The heart weighed 345 Gm The myocardium w r as brownish gray and friable 
The left ventricle w r as shghtfy dilated The aorta w r as smooth The coronarv 
vessels were thin-w^alled 

The thyroid gland weighed 35 Gm and w r as uniform and light brown 

The stomach was enormously enlarged The mucosa w r as much thickened and 
thrown up into huge convolutions giving it a brainlike appearance These con- 
volutions were as much as 2 cm thick and 2 cm high They w r ere firm and 
covered by smooth, pale mucosa and a small amount of blood-tinted mucus The 
folds marking the pathway of the stomach w'ere w r ell preserved (fig 1) 

In the duodenum, especially adjacent to the pylorus, there w r ere polyp-like, firm, 
grayish-white masses as much as 10 mm in diameter and 10 mm high 

Throughout the entire small intestine there w r ere numerous placjuelike nodular 
masses These measured, on an average, 55 by 30 mm m diameter and 10 mm 
in height They were moderately firm and subdivided by deep depressions Thej 
varied in color from light yellowish gray to light pink In the lowermost portion 
of the ileum, these changes were most marked Here there w'ere huge, pohphke 
plaques measuring 6 by 4 by 16 cm Their free surfaces were ulcerated, others 
w r ere hemorrhagic (fig 2) 

The appendix w r as 8 cm long and 15 mm thick It w’as firm 
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The mucosa of the 'atge intestine was light grai Thioughout the entire 
length of the intestine ,vere numerous firm, gra\ish-\\ lute nodules aieraging 
3 mm m diameter 

The mesenteric lymph glands of the radix were matted together into a solid, 
lobulated mass, 13 by 9 by 6 cm On cut surface, the outline of the single glands 
was indistinct The color was grayish white mottled with purplish red A milky 
fluid could be removed The large mass was surrounded by numerous smaller 
glands from 10 to 55 mm in diameter The glands were medullary and \aricd 
in color from light pinkish gray to yellowish gra} (fig 2) 



P 


Fig 2 — Ileum with mesentery showing polypoid infiltrations (P) and huge 
mesenteric lymph glands (M) 


The suprarenal glands weighed 11 Gm The cortex w r as 1 mm wide and pale 
gray-brown with light yellow areas 

The spleen weighed 2,365 Gm and measured 30 by 22 by S cm At the lulus, 
a spherical aberrant spleen measured 4 cm in diameter It w r as moderately firm 
The sui face was mottled deep purplish gray and purple-pink and on the upper 
one thud of the convex surface there w r ere wdntish areas as large as 5 b\ 4 mm, 
arranged in groups about a purple-gray, firmer area The cut surface was 
purplish red The pulp everted slightly There w^ere numerous indistinct gra> ish- 
wlnte areas from pinpoint size to 1 mm in diameter 1 he firm area extending 
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for 2 S cm into the parenchyma, was sharply separated and light pink-gray The 
aberrant spleen was light purplish pink with numerous light gray nodules The 
lymph glands at the lulus measured 30 by 15 by 6 mm, and were firm and light 
gray or purplish gray 

The liver weighed 3,610 Gm and measured 37 by 26 by 11 cm The surface 
was smooth and purplish brown with small purplish-red patches and light-brown 
and grayish-white lines and patches The cut surface was light purplish brown 
with numerous whitish areas and lines as much as 2 mm in diameter The peri- 
portal septums were prominent 
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Fig 3 — Section through polypoid mass in ileum, showing the lymphocytes (L) 
and reticulum cells ( R ) composing the infiltration, hematoxylin and eosin stain, 
oil immersion lens , X 1,200 


The gallbladder was filled by thm, light yellow-brown bile The lymph glands 
at the hilus measured as much as 20 mm in diameter and were firm and light 
gray-brown 

The pancreas weighed 75 Gm It was firm, light gray-brown and lobulated 
The penpancreatic lymph glands measured as much as 40 by 20 by 15 mm, and 
were moderately firm and bght gray-white with pinpoint-sized whitish areas 
Mia oscopic Examination — In a Peyer’s patch in the intestine, the huge plaques 
still retained their composition of single nodes which w'ere separated b> strands 
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of connectne tissue These strands -were often loosely infiltrated In cell- ot tin. 
same type as those of which the nodes were composed The nodes still showed 
a differentiation into lighter and darker stained areas The darker stained ueas 
w'ere composed of round cells slightly larger than lymphocytes, each with a lound 
nucleus rich m fine chromatin granules There w r ere no distinct nucleoli The 
nucleus w r as surrounded by a narrow' rim of cetoplasm (fig 3) Between these 
cells w'ere found single elements, each with an ample, lightly stained cUoplasm 
and a vesicular nucleus These follicle-like areas were separated In anastomosing 
strands, which, in addition to the round cells, contained a large number of the 



Fig 4 — Low'er magnification of the tissue pictured in figure 3, showing restric- 
tion of the infiltration to the submucosa, the muscularis mucosa (mm) being 
intact , hematoxylin and eosin stain , X 80 


pale-stained cells, a number of which w r ere filled by dark brown pigment granules 
In these strands, the capillary vessels and reticulum w T ere more prominent than in 
the dark areas The entire structure was w r ell circumscribed and located in the 
submucosa (fig 4) The strands of the dark-nucleated round cells extended 
between the muscle fibers of the muscularis propria to become slightly more 
abundant in the zone between the two layers The subserosa appeared loosened 
and contained a few r small accumulations of the same ^pe of cells The extension 
into the periphery was much more marked on the internal surface of the node, 
where in many places the muscle fibers of the muscularis mucosa were wideh 
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separated, and the basal portions of the glands were embedded in dense accumula- 
tions of the round cells The lining epithelium of the glands was well preserved, 
and there was an increased number of goblet cells Ihe capillaries were dilated 
and contained a varied number of the cells of which the nodes were composed 
In the plaque in the upper jejunum, the picture almost exactly paralleled that 
described in the preceding paragraph, except that the nodules were smaller The 
lighter areas were absent, the strands between the nodes much broader and the 
muscularis mucosa and muscularis propria intact 



Fig 5 — Section through the top of a single ruga of the stomach, showing the 
infiltration of the mucosa and submucosa , the composition of distinct nodes ( ) 
is still apparent, hematoxylin and eosin stain, X 15 

A section through a single ruga of the stomach ie\ealed that the submucosa 
and the mucosa formed a convolution which was enormously thickened by the 
presence of huge nodes similar to those described m the Peiei’s patch (fig 5) 
Running through the center of the fold was a thm stiand of dense connective 
tissue looselv infiltrated by the cells of which the nodes were composed Between 
the nodes, the strands of connective tissue rvere similarh infiltrated The dmsion 
of the nodes into a darker, narrower peripher\ and a broad, lighter centei was 
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much more distinct than in the Peter’s patch 1 lie component cells were the suns 
except that the largei cells with ample cjtopkism and tcsiculat nuclei wets much 
11101c abundant Ihc muscularis mucosa was prietiedh absent, and the glands 
w'cic narrow', thin and far apait In an occasional aiea the glands pciistritsd 
deep into the submucosa, fanning a naiiow wedge I lowetei , e\en lieie there 
was much intcrglandulai infiltration Ihe parietal cells weie abundmt m such 
areas In the shallower glands, which probably repiescnted onh the fotcolae, the 
cells alone were present 

The mfiltiation extended between the layers of the muscularis piopna and into 
the subseiosa The blood \cssels w'eie filled vuth the small daikly nucleated tells 

Ihe tumor of the mesenteric ljmph gland was composed ot d 11 k-nuclcnted 
lound cells of the size of lymphocytes, 01 slightly laiger Between these cells 
w'ere found a few laige, nregulaily shaped cells with vcsiculat nuclei lheie 
were aieas in which cells of the latter type weie more numerous and showed m 
the cytoplasm a great many dark, round, coarse chiomatin granules Ihc septi.i 
tion into follicle-like areas w'as still visible, but less marked than in the Pejcrs 
plaque of the intestine Mitotic figuies could not be found Thcie wms a great 
uniformity m the shape and structure of the nuclei The adventitia of the 
superior mesenteric artery was densely infiltrated by the round cells The infiltra- 
tion stopped abruptly at the muscularis 

In the axillary lymph glands, the difference between cortex and medulla was 
obscuied, but the separation between follicles and mtcrfolhcular tissue could still 
be recognized The cells weie of the type of the small lymphocUc or slighth 
larger and scattered between them w'as a varied number of pigment-filled cells 
The capsule, though still visible, was infiltrated by lymphoid cells, and the infiltra- 
tions also seemed to continue into the pei iglandular tissue, but the latter changes 
were lather insignificant, so that the gland still appeared as a w'ell defined unit 

The inguinal lymph node resembled the axillaiy lymph nodes, the capsular 
infiltration tvas marked There were areas that w'ere uniformly composed oi 
dark-nucleated round cells and did not show the differentiation into follicles ami 
interfollicular tissue 

The submaxillary gland contained laige accumulations of dark-nucleated lound 
cells, which were arranged about the larger ducts and blood vessels and which 
separated the lobules, following the ducts, they extended into the lobules E\ui 
the small ducts were occasionally found surrounded by a heavy coat of lound 
cells These cells, however, did not extend into the epithelial lining of the ducts 
which weie perfectly preserved Thin strands of cells w'ere found closelj adj 1- 
cent to the basement membiane of the glandular tubuli, but did not penetrate it 
The glandular stiuctuie otherwise was unchanged, and mucinous and albuminous 
glands were found in the different morphologic stages of secretory activity The 
gland was surrounded by much loose fibrillar connectne tissue which contained 
numerous small and larger accumulations of lymphoid round cells This tissue 
gradually passed into the capsule of the ljmph glands, the structure of which was 
somewhat obscured by an enormous hyperplasia of the Emphatic elements 

In the spleen, the follicles w'ere not sharply separated from the pulp The 
cords w r ere composed chiefly of cells of the same Bpc as those that formed the 
follicles A certain differentiation into follicles and pulp resulted from the marked 
blood content of the lattei The sinuses were wade, the endothelium was flat, 
and the lumen w r as filled by erythroc\tes and mam lymphoid cells The capsule 
w r as thin The trabeculae, too, W'ere thin and scant} and were not linadid in 
the lound cells In the sheaths of the laigei blood acssels were mail} cells that 
W'Cie filled by dark browui pigment 
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In the liver, the periportal tissue was so densely infiltrated by dark-nucleated 
tound cells that the portal septums looked like lymph follicles The bile ducts were 
embedded m these cells, but were well preserved, as were the branches of the 
hepatic artery, while the branches of the portal vein were compressed and obscured 
brom the acini, the cellular infiltrations were sharply separated, and only m a few 
places was there an extension into the portal capillaries The portal capillaries 
throughout the acini were dilated and, in addition to erythroevtes, contained a gi eat 
many dark-nucleated round cells The Kupffer cells were swollen, and man\ of 
them contained brown pigment granules Pigmented cells also were present in the 
portal septums The outer coats of the sublobular veins also were infiltrated by 
the round cells, and m places these infiltrations involved the entire wall, pi meeting 
into the lumen in the form of small nodules 

The kidney showed numerous dense perivascular accumulations of dark- 
nucleated round cells throughout the cortex and at the corticomedullary border 
These infiltrations extended between the adjacent tubuli and surrounded the adja- 
cent glomeruli, which, however, were not invaded The capsule was much thick- 
ened and was uniformly infiltrated by the small round cells There was a slight 
swelling of the epithelium of the convoluted tubuli, with a moderate capillary 
hyperemia 

The bone-marrow was very cellular The predominating type of cells was 
round with a scanty cytoplasm and a round nucleus rich in chromatin The latter 
formed granules of varying size The majority of these cells were larger than 
lymphocytes Between these cells were found single elements with a more abun- 
dant cytoplasm and lighter-stained nuclei and cells with a coarse, oxyphil granu- 
lation There were a few small groups of polymorphonuclear leukocytes and 
single megakarocytes with pale-stained and indistinct nuclei Nucleated red cells 
were scanty The fat cells between these cellular accumulations contained a net- 
work of delicate fibrils The reticulum cells were swollen 

The small bronchi were dilated and filled by dense clumps of cells, polymorpho- 
nuclear leukocytes by far predominating There were only a few dark-nucleated 
round cells In the walls of the bronchi, there were nodular, circumscribed 
accumulations of dark-nucleated lymphoid round cells The alveolar capil- 
laries were dilated and filled by blood and lymphoid round cells In the alveolar 
spaces were mononuclear cells with coal dust, a varying number of polymorphonu- 
clear leukocytes and a few lymphocytes Groups of alveoli were filled by ery- 
throcytes 

Anatomic Diagnosis — The diagnosis was chronic lymphatic leukemia with 
acute termination , extensive lymphatic infiltrations of the stomach and intestines , 
huge leukemic tumor of the spleen with anemic infarct, leukemic infiltration of 
the liver, kidneys and submaxillary glands , enormous hyperplasia of the mesenteric 
lymph glands , hyperplasia of the axillary, inguinal, left submaxillary, periaortic, 
penbihary, peripancreatic and perigastric lymph glands , parenchymatous degenera- 
tion of the myocardium and dilatation of the left cardiac chamber, anemia and 
edema of the brain, chronic otitis media of the left side, gangrenous stomatitis, 
partial fibrous obliteration of the right pleural cavitv , passive hyperemia and 
edema of the lungs and purulent bronchitis , slight sclerosis of the coronary 
arteries, and lymphoid bone-marrow 


COMMENT 

Iii btief, the case described was that of chronic lymphatic leukemia 
terminating acutely The pathologic observations were remaikable 
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because of the extensive involvement of the gastio-mtcstinal tract 
The stomach was enoimously enlaiged with huge convolutions on th< 
mnei suiface, giving it a biainlike appeaiance The small and lam- 
intestines weie beset with huge plaques and pofip-hke masses 11 k 
nncioscopic examination of the stomach levealed an infilti alien oi tin 
mucosa and submucosa by confluent 1) mphoid nodules The lntestm il 
changes weie lestncted to submucosal infilti ations composed of similai 
nodules Slight legiessive piocesses in the foim of supeificial ulcei i- 
tions and hemoiihages weie piesent The spleen was unusual 1} laiqe — 
foi lymphatic leukemia 

In leukemia theie exists no piopoilion between the swnptoms 
ansing fiom the gastio-intestmal tiact and the pathologic changes 
therein Most extensive changes may be symptomlcss Guieial factois 
such as anemia and cachexia, may pioduce fai moic gastio-intestmal 
complaints than the most advanced leukemic involvement 


Dali ibuiion of Lesions m the Gash o-lntcstmal Tiact m Fouitun Cans of 

Vai tons Leukemias 


Type of Leukemia 

Pctcchi.io 

Profuse 

Hemorrhage 

Diphtheritic 

Colitis Jso Cli uige 

Leukemic Inllltruluui 

10 acute myelogenous 

4 

l 

1 2 

2 ca-es (1) appendix 
(2) Pej er’= patch- <• 

1 chronic myelogenous 



1 


2 chronic lymphatic leu 
kemia 

1 



Biainlike ‘•lom.uh uitli 
liolyps in inte‘-tino 

l acute lymphatic 

1 





The anatomic changes m the stomach and intestines maj be dn ided 
into nonspecific and specific The nonspecific changes aie pait of the 
hemorrhagic diathesis which accompanies the acute disease and which 
develops teimmally in the chionic The specific changes lcsult f tom 
leukemic infilti ation 

The nonspecific changes consist piimanly of hemoiihages J hose 
may take place into an unchanged segment oi one Icukemicalh affected 
(Singei 2 ) 

In fourteen cases of vanous leukemias, nine showed the edicts of 
hemorrhages, but weie fiee fiom infilti ation (tabic) 

The hemoi rhages may be slight oi seveie Jn a case of acuti 
myelogenous leukemia m a child of 6 yeais, the onset was sudden with 
chill, fever, bloody dianhea, piofuse hematemesis and purpura Post 
moitem, the gasti o-intestinal tract was filled b\ blood There wen 
however, no specific leukemic changes 

2 Singer, G, in Kraus F, and Brugscb T Spezielle Pathologic unci TLer- 
pie inneier Kranfcheiten Vienna, Uiban & Schwar/cnbi rtr 1922, eol 6 yip 1 
and 774 
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Seveie hemoirhages laiely lesult fiom the opening of a blood 
vessel by the secondaiy ulceiation of a leukemia mfiltiate Eichhoist 3 
descubed a fatal hemonhage due to such a piocess opening into a 
gastric vein 

Secondaiy changes soon follow the hemonhages The devitalized 
tissues aie invaded by bactena Ulceiations and sloughs lesult which 
may be cucumscubed 01 extensive, baling the submucosa ovei laige 
aieas The lattei cases closely lesemble d)senteiy 01 uienua (Jaffe 4 ) 
Two of my patients with leukemia showed a diffuse pseudomembi anous 
colitis and pioctitis One (with acute myelogenous leukemia), how- 
evei, had leceived aisphenamine thiee weeks pnoi, and the othei (with 
chiomc myelogenous leukemia) had leceived extensive roentgen theiapy, 
factois both of which may have conti ibuted to the condition of the 
colon 

Hemoiihagic and ulceiative changes may complicate specifically 
affected paits These secondary changes may be due to a vanety of 
causes, such as cu dilatory disturbances m polypoid infiltrations or 
lesultmg fiom capillary compiession by dense infiltiation, inadequate 
leaction of the infiltrated tissues to tiaurna, bactena 01 hemorihagic 
diathesis Such ulcerative piocesses may be lestricted to the Peyei’s 
patches and be indistinguishable fiom typhoid ulcerations Even the 
clinical pictuie m such cases may exactly simulate typhoid (Dennig , 5 6 
Heixhennei °) In the past, much confusion aiose, and some authois 
thought of combinations of the two diseases (Voswinkel and Dunzelt 7 ) 
The deep extension of ulceiations has occasionally lesulted m local and 
diffuse peiitomtis (Hansemann , 8 Pal 9 ) 

The specific changes in the gastio-mtestmal tiact have been exten- 
sively leviewed by Hoffmann , 10 Heixhennei , G Schultze 11 and Smgei 2 
Much variation exists with xeference to the extent, location and type 
of involvement The entire gastio-mtestmal tiact from caidia 

3 Eichhorst, H Ueber acute Leukamie, Virchows Arch f path Anat 130 
365, 1892 

4 Jaffe, R H Personal communication to the author 

5 Dennig, A Ueber acute Leukamie, Munchen nied Wclmschr 47 1297, 

1900 

6 Herxlienner, G Ueber die Lytnphoblasten (grosszelhg) lyniphatische und 
Mvcloblasten Leukamie, Munchen med Wclmschr 60 2506 and 2573, 1913 

7 Voswinkel and Dunzelt, cited by Singer (footnote 2, p 77 9) 

8 Hansemann Demonstration von Praparaten, Verhardl d Berl med 
Gesellsch 23 89, 1892 

9 Pal, cited by Hoffmann (footnote 10) 

10 Hoffmann, M Ueber Veranderungen des Magen-Darmkanales bei Lcu- 
kamie Inaug Diss , Friedrichs Umvcisitat, 1905 

11 Schultze, W Ein Beitrag zur Kenntms der akuten Leukamie, Beitr 7 
path u z allg Path 39 252, 1906 
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to rectum maj r be mfiltiated 01 011I3 a single subdivision, as the 
appendix Infiltiation of the lattei alone occuried m one of my cases 
of acute myelogenous leukemia (see following paiagiaphs and the 
table), and a sinulai obseivation was reported by Lehndoif 12 The 
infiltrations may lestnct themselves to the Peyei’s patches, to the 
lymphoid follicles 01 to the nonlymphoid tissue between them In addi- 
tion to focal 01 nodulai, diffuse infiltiations may occur, so that the organ 
becomes reproduced on a much exaggeiated scale Any poition of the 
gastro-intestmal tiact may be thus affected (stomach, stomach and 
intestines [Biggs and Elliot 13 ], colon [Baimck 14 ]) 

The depth of infiltiation \anes fiom one to all layers of the intes- 
tinal vail (Mullein and Giossmann 15 ) 

The vanous tjpes of leukemia affect the gastio-mtestinal tiact 
diffeientl) In nnelogenous leukemia, the changes aie usually not 
extensive Naegeh 10 denied having evei seen any myeloid changes m 
the intestine Mullein and Giossmann, 15 Schultze 11 and Heixheimer 0 
described infiltiations of the ileum and colon which weie located between 
the hmphoid stiuctures of the intestine Hoffmann, 10 in addition, 
described submucosal and mucosal mjeloid infiltiation of the stomach 
v ithout in\ olvement of the h mphoid follicles Kahn 17 studied a case 
of acute myelogenous leukemia 111 which a myeloid nodule was found 
in the stomach and smallei nodules in the ileocecal legion and lectum 
Despite the extcnsne myeloid tiausfoimation of the lymphoid stiuc- 
tuics throughout the bod}, those of the intestine v r ere not invaded and 
v r cie even hypei plastic 

In eight of im ten cases of myelogenous leukemia (nine acute and 
one chionic ending acutel} ), specific changes were absent In the ninth 
case, the appendix was 9 cm long, noth a wall 5 mm thick Micio- 
scopic examination levealed a diffuse infiltiation of the entiie v r all b} 
large lound cells each wnth a lound 01 oval nucleus and a gianular 
chiomatin net with one 01 two small nucleoli Then cytoplasm was 
nariov r and basophil and contained a fine, dusthke oxydase gi anulation 
Othei cells contained a coaise ox)phil gi anulation In the tenth case, 

12 Lehndorf, H Ueber Lvmphocvtcnleukamie im Ivindesalter, Wien med 
Wchnschr 56 311, 1906 

13 Biggs, A 0 , and Elliot, A R Pseudoleukenna Gastro-Intestinalis, 
JAMA 83 178 (July 19) 1924 

14 Barmck, O Veranderungen im Kehlkopf und in dei Trachea bei Leu- 
kamie, Munchen med Wchnschi 45 589, 1898 

15 Mullern, IC V, and Grossmann, B Beitrage zui Kenntnis der primal* 
Erkrankungen der hamatopoetischen Oigane, Bcitr z path Anat 11 z allg Path 
52 276, 1912 

16 Naegeh, O Die Leukamien, Blutkrankheitcn und Blutdiagnostik, Berlin, 
Julius Springer, 1923, pp 370-441 

17 Kahn, F, cited by Singer (footnote 2) 
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the Peyei’s patches were piominent, measuring 4 by 2 cm m diameter 
and 5 mm in height, and weie superficially ulceiated They were com- 
posed of large round cells with an ample cytoplasm that contained a 
fine granulation The nuclei weie round, oval or slightly indented, with 
fine chromatin granules There wei e also small groups of huge myelo- 
blasts Scatteied between these cells but more numerous at the 
periphery of the plaques were small lymphocytes Polymorphonuclear 
leukocytes and eosinophil gi anulocytes wei e scanty The plaques were 
suriounded by lecent extravasations of blood, and the superficial layers 
were completely neciotic Outside the plaques, the submucosa con- 
tained focal accumulations of the large lound granulated cells, loosely 
scatteied plasma cells, leukocytes and lymphocytes and many histiocytes 
Small perivascular groups of granulated cells were seen in the subserosa 
From my own cases and others it may therefore be said that specific 
gastro-intestmal changes m myelogenous leukemia are not extensive 
The same may hold true of the aleukemic myeloses 

In the lymphatic leukemias, however, the condition is different 
Most extensive gastro-intestmal changes have been described m 
pseudoleukenua W ells and Maver 18 m 1904 reviewed 238 such cases, 
m 8 of which they found the stomach and intestines so transformed as 
to entitle the conditions to chai actei ization as a distinct pathologic 
syndrome with the distinctive name of pseudoleukenua gastro-mtestm- 
alis In 5 of these cases, the stomach was diffusely infiltrated, vastly 
enlai ged and showed an inner lining thrown up m “immense loose smous 
folds like ceiebral convolutions ” The small and large intestines showed 
both diffuse and circumscribed nodular or polypoid infiltrations 

Symmers 19 m 1909 brought the number of such cases to eleven and 
lecently Biggs and Elliot 13 collected thirteen cases, to which they added 
one of then own showing diffuse infiltration of the entire tract from 
cardia to rectum The latter authors also contributed the only roentgen 
study ever reported, in which such a “bramlike” stomach was revealed 
as a small, immobile stomach of irregular outline but with a perfect bulb 
Analysis of the fourteen cases reveals that much confusion exists 
Not all of the cases are of the same character Some are leukemias 
and some are Hodgkin’s lymphogranuloma, but all are called pseudo- 
leukenua Originally, Cohnheim 20 characterized as pseudoleukenua 
pathologic syndromes identical with leukemia but without the blood 
picture, what is now called aleukemic leukemia But subsequent authors 

18 Wells, H G and Maver, M B Pseudo-leukemia Gastro-mtestmalis, 
Am J M Sc 182 837, 1904 

19 Summers, D Certain Unusual Lesions of tlie Lymphatic Apparatus, Arch 
Int Med i 218 (Sept) 1909 

20 Cohnheim Em Fall von Pseudoleuhamia, Virchows Arch f path Anat 
33 451, 1865 



BOIKAN— LEUKEMIC CHANGES OF INTESTINAL TRACT 55 


have applied the teim to widely different diseases, as Hodgkin’s lympho- 
granuloma, aleukemic leukemia, Banff’s disease, tuberculosis, etc Much 
confusion has thus aiisen Thus Wells and Maver 18 named their own 
case and the seven that they gathered from the literature pseudoleukemia 
gastio-mtestinalis, and meant thereby Hodgkin’s lymphogranuloma 
In then senes there neie undoubtedly such cases, including their own 
But the lemamder weie indisputably examples of aleukemic lymph- 
adenosis (cases of Cariington, 21 Schlesmgei 21 and Stoeick 21 ) 

Symmers, on the other hand, although he retained the name pseudo- 
leukenna gastro-mtestmalis, considered his and Wells and Maver’s 18 
cases as aleukemic leukemia m the original sense of Cohnheim 20 Sub- 
sequent authois followed S) miners (Ewing, 22 Biggs and Elliot 13 ) 

It would avail little to go extensively into the question That both 
are right there can be no doubt Diffuse and polypoid infiltrations m 
the stomach and intestines can occui in both lymphogranuloma and 
aleukemic 1) mphadenosis S) miner’s 10 case is indisputably the latter 
and Wells and Mavei’s 18 the former A typical bramlike stomach in 
Hodgkin’s disease was conti lbuted by Scott and Foiman 23 among 
others 

When in 1918 S}inmeis 21 again leviewed the subject, he stated that 
in nineteen cases of chiomc lymphatic leukemia he had found no gastro- 
intestinal infiltiations Fiom the extensive infiltrations that he had 
found in pseudoleukenna (aleukemic lymphadenosis) he concluded that 
lymphatic leukemia and pseudoleukenna aie vastly dissimilar diseases 
and advised classifjmg the latter with the sarcomas My case is there- 
fore of much significance, since theie can be no question of its 
nonsarcomatous natuie Gastio-mtestmal infiltrations m chloroma 
(Lehndorff 23 ) and 1) mphosaicoma (Kundrat 2G ) aie known But in my 
case theie weie to be noted absence of cellulai anaplasia, absence of 
mitotic figures and reslnction of the giowth to the capsules of the gland 
and to natural boundanes There was no intei glandular infiltration 
From all points of view, the case is one of chiomc lymphatic leukemia of 
the ordinal y type Therefoie, the complete coi respondence of the 
cases of pseudoleukenna gastro-mtestmalis with my case of leukemia 

21 Cited bv Svinmers (footnote 19) 

22 Ewing, J Neoplastic Diseases, ed 3, Philadelphia, W B Saunders Corn- 
pan}', 1928, pp 410-411 

23 Scott, E, and Forman, J Lymphoblastoma of the Gastro-Intestmal Tract 
with Report of a Case of Hodgkin’s Disease of the Stomach, Ohio State M J 
12 323, 1916 

24 Symmers, D Relationship of the Toxic Lymphoid Hyperplasias to 
Lymphosarcoma and Allied Diseases, Arch Int Med 21 237 (Feb ) 1918 

25 Lehndorff, H Chlorom, Ergebn d inn Med u Kinderh 6 221, 1910 

26 Kundrat, cited by Singer (footnote 2, p 791) 
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gastro-mtestinalis in both the gross and the microscopic features estab- 
lishes beyond doubt the identity of the two diseases Jaffe 27 m 1927 
pointed out the relationship of the aleukemic to the leukocythemic leu- 
kemias and expressed himself as dissatisfied with prevalent theories 
concerning the quantitatively and qualitatively negative blood pictures 
m aleukemic leukemia Lack of chemotactic stimulant, loss of the 
vascular connections of atypical blood-forming tissues, destruction of 
the abnormal cells in the blood stream are all insufficient, as King 28 
had already described spontaneous aleukocythenuc phases in chronic 
myelogenous leukemia (Jaffe 27 ) 

That none of the existing prevalent opinions concerning the cause 
of aleukocythemia in leukemia aie satisfactory is most strikingly shown 
by my last case which commenced as an aleukemic lymphadenosis and 
terminated as an acute lymphoblastic leukemia 

J S , aged 19, a Filipino, entered the Cook Count} Hospital on Nov 26, 1929 
His complaint was rapidly increasing bilateral swelling of the neck This had 
commenced one month before following a tonsillectomy It made breathing diffi- 
cult Physical examination revealed, essentially, generalized lymphadenopathy 

A most careful examination of numerous blood slides gave negative results A 
biopsy yielded the diagnosis aleukemic lymphadenosis, in view of the negative 
results of examination of the blood 

The patient received x-ray treatment, improved and returned home on Dec 21, 
1929 Two months afterward (on Feb 17, 1930), he returned with the complaint 
of marked weakness and bleeding from the nose 

Reexamination substantiated the previous observations, except that the blood 
now showed a red blood cell count of 1,500,000, a hemoglobin content of 40 per 
cent and a white blood count of 53,000, which on differential study was composed 
of 79 per cent lymphoblasts, 16 per cent lymphocytes and 5 per cent neutrophils 
The diagnosis of acute 1} mphoblastic leukemia was made, which was substantiated 
by autopsy 

We have, then, here in one case aleukemic and leukocythemic 
phases of the one disease — lymphatic leukemia In the words of 
Marchand, 29 “the essential changes m leukemia are the anatomical and 
not the hematologic ” 

Although nodular and polypoid mfilti ations are described as occur- 
ring m the intestine and stomach in lymphatic leukemia (Marchand 29 ), 
I have not been able to find m the literature a case similar to my own 
other than those described as pseudoleukemia gastro-mtestmalis This 
makes the condition rare 

Clinical symptoms in gastro-mtestmal leukemia may be absent or 
they may consist of diarrhea, enterorrhagia and abdominal pain In 

27 Jaffe, R H Aleukemic Myelosis, Arch Path 3 56 (Jan ) 1927 

28 King, cited by Jaffe (footnote 27) 

29 Marchand Zwei Falle von Leukanne lymphatica, Munchen med Wchn- 
schr 55 422, 1908 
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two cases with polypoid mfiltiation m the ileum, intussusception occurred 
(Hoffmann, 30 Celler 21 ) Peiforation peritonitis has been mentioned 
in a foregoing paragraph 

SUMMARY 

1 Fourteen cases of leukemia, eleven ill) elogenous and three 
lymphatic, were studied with lefeience to the gastro-intestmal involve- 
ment 

2 Nonspecific changes weie found in nine cases of acute myelo- 
genous leukemia, consisting of hemorrhages, ulceration and secondaiy 
inflammatory piocesses In two cases (acute m3 elogenous leukemia) 
theie weie no changes 

3 Specific changes weie found 111 two cases of acute myelosis, con- 
sisting of an infiltration of the appendix and an infiltration of Peyer’s 
patches, respective^ 

4 Specific changes veie found in one case of chronic lymphatic 
leukemia The stomach was enormousfy enlarged, with huge convolu- 
tions on the innei suiface, giving it a biainlike appeal ance, and the 
intestines weie beset with plaques and pofyp-like infiltrations 

5 In reviewing the hteiatuie, another such case w r as not discovered 
The case was found, however, to parallel exactly those descnbed as 
aleukemic I3 mphadenosis 01 pseudoleukemic gastro-mtestmahs 

6 Fiom these facts it is concluded that the aleukemic and leuko- 
c)themic leukemias aie fundamentally identical 

7 In furthei support of this conclusion a last case is described 111 
w Inch an aleukemic 1) mphadenosis terminated as an acute leukocythenuc 
1} mphadenosis 

8 The s) mptoms 111 leukemia gastro-mtestmahs aie bnefly discussed, 
and then impoitance is emphasized 

30 Hoffmann, M Utber khmsche Erscheinungen bei Gastro-intestinale Pseu- 
doleukamie, Arch f klin Clur 82 794, 1907 
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The pioblem of gastnc acidity has mteiested us foi some time An 
analysis of the diffeient methods for studying gastric acidity leveals 
ceitam disadvantages and inaccuracies Our attention has been pai- 
ticulaily focused on the problem because of the conflicting observations 
m patients with paitial gastiectomies In these patients, the factoi of 
regurgitation of alkaline intestinal secretions is an important consid- 
eration 

DIRECT METHODS 

We feel that the stimulation of gastnc secietion by the oidmaiy 
test meals m use (giuels, ci ackers, water, etc ) is uncertain and variable 
Psychic elements, such as appetite or distaste for food, speed of eating 
and quantity of saliva are factors that make accurate lesults difficult 
Babkm 1 recently emphasized the influence of the secietion of mucus 
on gastric acidity Fuithermore, the ingestion of a meal does not 
always afford a maximum stimulus, as is noted in those patients who 
appear to have anacidity, but who subsequentl) seciete hydrochloric 
acid freely after a moie powerful stimulus, such as that given by hista- 
mine The buffer substances m the vanous test meals may combine 
with significant amounts of free hydrochlonc acid The regurgitation 
of alkaline intestinal secretion may be sufficient to neutialize small 
amounts of free acid in patients with hypo-acidity, and a fallacious 
diagnosis of achloihydna may thus be made The frequent use of seveial 
glasses of fluid with the loutme test meal introduces the factor of 
dilution 

The use of neutral led has been investigated by Finkelstem , 2 Piersol, 
Bockus and Banks , 3 Wmkelstem and Marcus 4 and others It has been 
affirmed that the failure of neutral led to be excreted into the stomach 
within two hours after intiamuscular injection invariably means tiue 

< Submitted for publication, June 23, 1930 

A From the Gastro-Intestinal Department, Jewish Hospital 

1 Babkin, BP Am J Surg 7 498 (Oct ) 1929 

2 Finkelstem, R Arch f Verdauungshr 30 299, 1923 

3 Piersol, G , Bockus, H, and Banks, J Tr A Am Physicians 40 413, 

1925 

4 Wmkelstem, A, and Marcus, J Excretion of Neutral Red in Stomach in 
Achylia Gastnca, J A M A 92 123S (April 13) 1929 
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achloihydria The piesence of neutial led in the gastnc contents 
means that the stomach is capable of secieting fiee hydiochlonc acid 

Piersol, Bockus and Banks 5 6 have shown experimentally that neutial 
red is eliminated m the gastio-intestmal tract not only by the stomach, 
but also by the whole of the small bowel to the ileocecal junction, as 
-well as in the bile and in the urine The finding of neutial led m the 
extracted gastnc specimen must theiefoie be guaidedly mteipieted, 
especially since in oui expenence significant amounts of bile have been 
found m the gastnc exti actions of patients with paitial gastrectomies 
The possibility of neutial led being reguigitated with duodenal contents 
into the stomach must always be consideied 

Medes and Wright , 0 in their studies of duodenal reguigitation, 
showed that 1 egurgitation of duodenal contents into the fasting stomach 
occurs with great fiequency The leguigitated matenals may include 
bile, pancreatic juice (tiypsin) and secietion of the duodenal mucosa 
(sucrase) They have shown that these may occui togethei 01 any one 
independently Bile is leguigitated laiely without tiypsm, tiypsin 
much moie fiequently without bile Since the possibility of duodenal 
1 egurgitation is fiequent because of the patency of the pyloius m cases 
of subacidity and anacidity, the piesence of neutial led m the absence 
of bile is significant only if the absence of tryptic fennent has been 
established In buef, the possibility of an extiagastnc origin of neutral 
red m the aspirated specimen has to be eliminated to make this test 
reliable 

The estimation of the moigamc chlondes of exti acted gastnc speci- 
mens has been advocated as a moie reliable index of gastnc acidity 
Bolton and Goodhait 7 8 and Hayem and Wmteis s affinned that by 
ascertaining simultaneously the vanations in acidity and sodium chloride 
of the extiacted specimens, dunng digestion, the effect of intestinal 
i egurgitation on the gastnc acid should be definitely seen When the 
amount of acid lemained high for some time, the sodium chlonde 
remained low, when the sodium chlonde was high, the acid was com- 
paratively low Fiom these obseivations it appealed obvious that the 
concentiation of acid in the stomach does not necessanly afford any 
indication as to whethei an excessive oi a diminished secietion is pres- 
ent In short, the cuive of acidity does not necessanly indicate the 
secietoiy activity of the stomach, the only leal measuie of the amount 

5 Piersol, G , Bockus, H, and Banks, J Am J M Sc 170 405 (Sept) 

1925 

6 Medes, G, and Wnght, C B J Clin Im estimation 6 403 (Dec) 1928 

7 Bolton, C, and Goodhait, G W Lancet 1 420 (Maicli 4) 1922 

8 Hayem and Winters, quoted by Rehfus Diagnosis and Treatment of Dis- 
eases of the Stomach, Philadelphia, W B Saunders Company, 1927 
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of gastric acid produced is the cuive of total chlorides, for this includes 
the hydrochloric acid present as such, as well as the fi action of hydro- 
chloric acid that has been changed into inorganic chloride 

Gorham, Stroud and Huffman 0 carried out a compaiative study of 
the total chlonde concentration in a series of cases presenting both nor- 
mal and abnormal conditions These authors concluded that estimations 
of total chlorides m gastric contents aie not necessarily a volumetric 
index to the pioduction of hydrochloric acid by the gastric glands 
During their investigation it was found that the chlonde concentration 
of the duodenal contents obtained by means of the tube and of the bile 
taken from the common duct and of the gallbladdei at operation was 
as high or higher than that of the contents of the stomach Therefore, 
the regurgitation of the intestinal fluids into the stomach is in some 
instances an important factor m determining the height of the chloride 
level in the gastnc contents An appreciable enor would therefore be 
introduced if chlonde estimations should seive as an index of gastric 
acidity, particulaily in cases in which intestinal reguigitation is fre- 
quently marked, as m patients with partial gastrectomies The technical 
difficulties of such determinations for routine clinical analysis is 
apparent 

Histamine has been recognized as the most leliable gastric stimulant 
for hydrochlonc acid by numerous workeis, particulaily Gompertz and 
Vorhaus 10 and Andresen 11 The histamine test for gastric secretion 
more recently discussed by Bloomfield and Polland 12 embodies not only 
a study of the degiee of acidity, but also the volumetiic estimations of 
gastnc secietions We feel that the volumetric estimation of gastric 
secretions as advocated m then method is always endangered by the 
possibility of duodenal leguigitation That this is not infrequent has 
been shown m the woik of Medes and Wright 6 Since we have fre- 
quently found bile present in the gastric extractions fiom patients with 
partial or subtotal gastrectomies, whom we are especially interested m 
studying, we consider the volumetiic estimations by the method of 
Bloomfield and Polland to be unpractical 

In brief, our survey of the various duect tests for estimating gastric 
acidity showed ceitam disadvantages and not entirely conti ollable fac- 
tors We therefoie consideied employing one of the indirect methods 
advocated by previous investigators 

9 Gorham, F , Stroud, C , and Huffman, M Total Chloride Concentration 
and Acidity of Gastric Contents , Comparative Study, Arch Int Med 42 106 
(July) 1928 

10 Gompertz, L M, and Vorhaus, M G Lab & Clin Med 11 14 (Oct) 
1925 

11 Andresen, A F R Tr Am Gastro-Enterol A, 1926, p 53 

12 Bloomfield, A L , and Polland, W S Diagnostic Value of Studies of 
Secretion, J A M A 92 1508 (May 4) 1929 
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INDIRECT METHOD 

Kauders and Poiges 13 and Lewm 14 descnbed an indnect test foi 
gastnc acidity based on the deteimmation of the caibon dioxide tension 
of the expired an This method was advocated m cases m which 
passage of a gastnc tube was not feasible The alveolar caibon dioxide 
tension expresses changes in the acid base equilibimm, because theie 
aie relations in the blood between the caibon dioxide, bicaibonate and 
phosphates, on the one hand, and the lest of the buff ei mg substances, 
on the other The pioduclion of acids in the stomach aftei a test meal 
suddenly depnves the blood of laige amounts of chlonne ions Conse- 
quently, the lesidual sodium combines with part of the fiee caibonic 
acid to form bicaibonate which mci eases the combined alkali This 
would endangei the neutiahty of the blood In older to maintain the 
neutrality, fiee cai borne acid is letamed so that the latio of caibon 
dioxide to sodium bicaibonate lemains unchanged m value, the numei- 
ator and the denominator being equally mci eased In othei woids, the 
caibon dioxide tension of the expned air is mci eased when h> di ochlonc 
acid is excieted into the stomach In such examinations, ceitam souices 
of error have to be considered Even m calm peisons, the caibon diox- 
ide tension noimally oscillates Even dui mg sleep theie is a definite 
change in tension Theiefoie, any activity duiing the test must be 
avoided Great caie must be taken that the patients bieathe conectly 
into the appai atus These authois found an mci ease m caibon dioxide 
tension aftei a meal test in cases of hypei acidity and no such mciease 
in cases of anacidity In brief, they showed that the secietion of 
hydi ochlonc acid into the stomach plays a pnncipal iole in the use of 
the carbon dioxide tension of the expned air aftei a test meal Pi oof 
of this lies in the fact that theie is essentially no such use in cases of 
anacidity The unavoidable eirois and difficulties m cainmg out this 
method make its clinical application impiacticable The impoitant mfoi- 
mation gained by dnect examination of gastnc contents is lost m all 
mduect methods of gastnc analysis 

COMBINED METHOD 

Since it has been shown by Plubbaid, Munfoid and Allen 15 and by 
Baehr , 10 Davies 17 and othei s that peisons having lelativel) nonnal gas- 

13 Kaudeis, F, and Forges, O Deutsche med Wchnschr 47 1415 (Nov) 
1921 

14 Lewm, B Deutsche med Wchnschr 52 1427 (Aug ) 1926 

15 Hubbaid, R S , Munford, S A, and Allen, F G Am J Physiol 68 
207, 1924 

16 Baehr, G Bull New York Acad Med 3 419. 1927 

17 Davies, D T Brit J Exper Path 10 1 (Feb ) 1929 
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trie secretion aie pi one to have less acid mine after meals, a phenome- 
non commonly lef erred to as the “alkaline tide,” it occurred to us that 
this principle could be mcoiporated into a test for gastric secretion 
These authors have shown the relative fixation of the urinary reaction 
m cases of achlorhydria 

Ackman 18 was paiticularly intei ested in studying the 1 elation 
between the gastric acidity and the hydrogen ion concentiation of the 
mine after the injection of histamine He showed that m cases of 
achloihydna the alkaline tide is foi the most part wanting, and that 
when histamine, given subcutaneously to a person with normal or high 
gastric acidity, increases the gastnc secretion, it produces a well marked 
alkaline tide In cases of hypochlorhydria and m certain cases of 
achlorhydria in which the secretion of hydrochlouc acid is stimulated 
by histamine, there develops an alkaline tide where formeily there was 
none In those cases of achlorhydria in which there is no response to 
histamine, the alkaline tide fails to develop, apparently owing to a lack 
of response on the pait of the gastric secietion The absence of any 
change of the hydrogen ion concentration of the urine m these cases 
conclusively lules out the possibility that the leaction in other cases 
might be due to the mci eased metabolic activity consequent to the injec- 
tion of histamine He concluded that the foregoing observation offered 
strong evidence in suppoit of the gastric origin of the alkaline tide in 
that m piactically all cases a definite relationship between the gastric 
secretion and the hydrogen ion concentration of the urine has been 
demonstiated 

It occurred to us to employ this principle of the 1 elationship between 
the gastnc acidity and the unnary acidity {pn) with histamine as a 
stimulant m a clinical gastric secietory test We believed that regaid- 
less of the factors that tend to altei the gastric titiation values, the 
simultaneous estimation of the hydrogen ion concentiation of the urine 
would furnish better conti oiled lesults We were able to demonstrate 
a definite urinary alkaline tide m only about 50 per cent of our patients 
who developed free hydrochloric acid after the injection 19 of histamine 
It is possible that Ackman obtained a gi eater peicentage of urmaiy 
alkaline tides after the injection of histamine because his patients 
received bieakfast, apparently, prioi to the tests We have therefoie 
decided that histamine is not the ideal gastric stimulant for use m 
studies of the urmaiy alkaline tide At present, we are experimenting 
with other test meals We believe that the combined test of a simulta- 
neous analysis of gastric contents and estimation of urinary acidity 
(alkaline tide) will gne more controlled lesults 


18 Ackman, F D Canad M A J 15 1099, 1925 

19 This work is to be reported in a subsequent paper 
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SUMMARY 

1 Vaiious cluect and induect tests foi the study of gastric acidity 
ate discussed 

2 Histamine should always be employed as a gastnc stimulant m 
cases in which the loutme test meal has elicited no lesponse of free 
hydiochlonc acid 

3 A definite unnaiy alkaline tide was found m about 50 per cent 
of our cases in which fiee hydiochlonc acid was demonstrated after the 
injection of histamine 

4 The advantages of a test combining analysis of the gastric con- 
tents with estimation of the unnaiy acidity (alkaline tide) aie discussed 



THE ELECTROCARDIOGRAM IN OBESITY ->* 


SAMUEL H PROGER, MD 

ATLANTA, GA 

It is known that the electrocardiogiam undeigoes certain changes 
when the position of the heart in the chest is altered Emthoven 1 demon- 
strated that this change took place when the body was rotated from side 
to side He showed also that breathing aftected the form of the electro- 
cardiogram as it changed the position of the heart, the more transverse 
position at the end of expiration being associated with more of a left 
axis, or a tendency in that direction, while at the end of inspiration the 
axis shifted m the opposite direction Cohn 2 demonstrated that there 
is a rather definite relation between the anatomic angle of the heart 
as measured on the roentgenogram and the electrical angle as derived 
from the electrocardiogiam In other words, as the position of the 
heart becomes moie transveise, the electiocaidiogiam shows a gradually 
increasing left axis deviation, and as the position becomes moi e vertical 
the axis deviation tends to change to the right 

On the basis of these observations it seems logical that in obese 
people, in whom the diaphiagm is usually pushed up so that the heart 
lies m a compai atively tiansveise position, theie would be a tendency 
to the production of left axis deviation as measured by the Q R S wave 
and of associated changes in the T wave 

In a study of the electi ocardiogram of ninety-seven obese people. 
Master and Oppenheimer 3 found that 86 per cent showed left axis 
deviation They found also that changes in the P and T waves of lead 
III occurred m 70 and 87 per cent, respectively, of these ninety-seven 
cases Howevei, 67 pei cent of this group had hypei tension, and 85 
per cent weie lepoited to have roentgenologic evidence of left ventucu- 
lar hypertrophy, so that it is difficult to ascertain whether the electro- 
cardiographic changes were due to changes m the position resulting 

' Submitted for publication, July 21, 1930 

1 From the Medical Clinic of the Boston Dispensary, service of Dr Joseph 
H Pratt and the Division of Research 

1 Emthoven, W , Fahr, G, and de Waart, A Ueber die Richtung und die 
mamfeste Grosse der Potentialschwankungen in menschhchen Herzen und uber 
den Emfluss der Herzlage auf die Form des Elektrohardiogramm, Arch f d ges 
Phy r siol 150 275 (March) 1913 

2 Cohn, A E , and Raisbeck, M J An Investigation of the Relation of 
the Position of the Heart to the Electrocardiogram, Heart 9 311 (Dec ) 1922 

3 Master, A M , and Oppenheimer, E T A Study of Obesity, JAMA 
92 1652 (May 18) 1929 
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fiom the obesity or to the hypei tension and hypertrophy The con ela- 
tion of left axis deviation with hypertension, paiticularly in those cases 
that piesent some caidiac enlaigement, is fanly definite 4 5 6 The changes 
in the T wave may have been meiely part of the picture of the left axis 
deviation, since it is known that the T wave noimally bears some rela- 
tion to the Q R S v\ ave and tends to vary with vai lations in the ampli- 
tude of this initial ventnculai phase Thus an inverted T wave in lead 
III may be seen in left axis deviation associated with the inverted QRS 
complex m the same lead 

It appears woith while to establish moie definitely the character- 
istics of the electrocardiogram in the obese and to point out the common 
vanations from the stnctly noimal While these vanations may not 
be definitely abnormal, they aie still deviations that aie worthy of con- 
sideration 

In the piesent stud}' the cases were sepaiated into two groups 
(1) those cases of obesity' m which the heait was considered normal, 
and (2) those cases showing hypei tension ( a sy'stolic blood pressure of 
more than 170 mm of meicuiy), roentgenologic evidence of cardiac 
enlargement or othei caidiac abnoi malities One hundied cases were 
studied The electiocardiogiams were taken with the patient in the sit- 
ting position, wuth tight clothing loosened, as Rombeig 2 has shown 
that tight corsets may definitely change the position of the heart 
Orthodiagrams were made in the eiect position within one week of the 
electrocardiogi aphic examination The diagnosis of caidiac enlarge- 
ment was based on these oithodiagi aphic observations, Otten’s tables 
being used as standaids G From the orthodiagram the anatomic angle of 
the heart was obtained and compared with the electrical angle calculated 
according to Emthoven 1 from the electi ocai diogi am The anatomic angle 
was taken as that angle which is formed by a honzontal line and a line 
drawn from the junction of the curve of the right auricle m the ortho- 
diagram with that of the supenor vena cava to the apex of the heart 
The approximate duration of the obesity as well as the percentage of 
overw'eight accoidmg to the standard tables of the Metropolitan Life 
Insurance Company w^ere both recorded as being of possible significance 

4 Proger, S H , and Davis, D The Significance of Axis Deviation in the 
Human Electrocardiogram, Arch Int Med 45 974 (June) 1930 White, P D, 
and Burwell, C S The Effects of Mitral Stenosis, Pulmonic Stenosis, Aortic 
Regurgitation and Hypertension on the Electrocardiogram, Arch Int Med 34 
529 (Oct ) 1924 Master, A M Characteristic Electrocardiograms and Roent- 
genograms in Arterial Hypertension, Am Heart J 4 291 (Feb ) 1930 

5 Romberg, E Das Herz bei Fettlebigkeit, Klin Wchnschr 42 125 (Oct 
IS) 1927 

6 Otten, M Die Bedeutung der Orthodiagraphie fur die Erkennung des 
begmnenden Herzweiterung, Deutsches Arch f klin Med 405 370, 1911 
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ANALYSIS Or CASES 

Uncomplicated Obesity — Those cases aie consideied uncomplicated 
or cases of simple obesity m which the physical examination of the 
heart gives negative lesults, the oithodiagiam shows no enlargement or 
abnormal contour, and the blood pressure is not elevated Fifty-five are 
included in this group 

Of these 55, 39 (71 per cent) appealed on simple inspection to have 
some degree of left axis deviation, that is, exaggeiation of the R wave 
m lead I and the S wave m lead III By actual measuiement of the 
index and angle, it was found that 31 (56 per cent) showed definite 
evidence of left axis deviation (angle below 0 degrees or index above 
-|-20) In 40 of the 55 cases the electrical angle was below 20 degrees 
and m 28 it was below 0 degrees, which is taken by many as the lower 
limit of normal 7 Thuty-two of the 55 showed an index over -|- 15, 
and 20 (36 pei cent) showed an index of over +20, which is con- 
sidered by White 8 to indicate definite left axis deviation This high inci- 
dence (36 pei cent) of axis deviation beyond +20 m cases of simple 
obesity is a distinct contrast to the 0 5 per cent incidence of such an axis 
in 1,812 adults without disease of the heait reported by Ferguson and 
O’Connell 9 The average angle of the entire gioup was 7 degrees, the 
average index, +16 

Thirty-nine of the fifty -five cases showed an inverted T wave in 
lead III, and twenty-four exhibited changes m the P w r ave in lead III 
(flat or mveited) In studying the electrocardiograms showing inver- 
sion of T3 an interesting correlation was observed It appeared that 
inversion of T3 w r as a fanly constant concomitant of left axis deviation 
when the deviation was thought to be due to change m position 
Thirty-one of the cases of simple obesity showed definite left axis devia- 
tion, apparently due merely to change in position Twenty-eight of them 
showed an invasion of T3 In order to test the validity of this obser- 
vation, I reviewed the records of thnty-one persons of aveiage size 

7 Carter, E P , Richter, C P , and Greene, C H A Graphic Application 
of the Principle of the Equilateral Triangle for Determining the Direction of the 
Electrical Axis of the Heart in the Human Electrocardiogram, Bull Johns Hop- 
kins Hosp 30 162 (June) 1919 Dieuaide, F R The Determination and Sig- 
nificance of the Electrical Axis of the Human Heart, Arch Int Med 27 55S 
(May) 1921 

8 White (footnote 4, second reference) 

9 Ferguson, D, and O’Connell, J T Cardiovascular Observations, Includ- 
ing a Series of Electrocardiograms of Eighteen Hundred and Twelve Men 
Without Heart Symptoms, U S Nav M Bull 24 860 (Oct ) 1926 This incidence 
of 36 per cent in our cases i\as decreased, however, bj 22 per cent when electro- 
cardiograms were made at the same time of the patients m the lving position 
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who showed left axis deviation associated with hypertension (systolic 
blood pressuie over 170 mm of mercury and roentgenologic evidence of 
caidiac enlaigement Cases showing invasion of the T wave m lead I 01 
II or abnormal spreading of the QRS complex were not included 
Only six of these thirty-one showed an inversion of the T wave in 
lead III (in six of the cases T3 was iso-electric and in nineteen 
eiect), in conti adistinction to twenty-eight of thnty-one in the foimer 
group In the latter gioup one is dealing with cases clinically associated 
with left ventnculai hyperti ophy, 10 so that it is reasonable to suppose 
that m this gioup the axis deviation in most of the cases is the dnect 
lesult of the hypeitiophy The figuies then indicate that left axis 
deviation due to change m position is usually associated with invasion 
of the T wave in Lead III, wheieas left axis deviation due to lelative 
left ventnculai Inpeili ophy is commonly associated with an eiect T wave 
in lead III 

Theie was no significant change in the T wave m leads I and II 
m any of the cases of simple obesity, even though the axis deviation was 
consideiable in a fan peicentage of the cases This is mteiestmg because, 
as Cohn 2 has shown, in the pioduction of axis deviation experimentally 
by rotating the leads around a large tnangle laid out on the chest, thus 
simulating lotation of the heart on its A-P axis, the T waves change 
with the QRS waves, and as the QRS waves become mveited and 
deepen, the T waves also become mveited Experimentally this occuis 
in all of the leads White 11 expressed the belief that although invasion 
of the T wave m lead I oi in leads I and II does not occur m a noimal 
heart, it may be the lesult of maiked left axis deviation without disease 
of the coronal y aitenes oi bundle bianch Such left axis deviation with 
inversion of the T waves in lead I oi II has been found by White to be 
associated with left ventnculai hypertrophy and dilatation (with exten- 
sion of the bundle bianch as well as mciease m muscle mass) If 
with only slight left axis deviation the T wave is mveited m lead I oi II, 
White held that some othei factoi, such as blocking the left bundle 
branch, caidiac infaiclion oi myxedema is piesent In this study only in 
lead III did the T wave become mveited as a lesult of the deviation 

Obesity with Complications — Theie weie foity cases of obesity with 
cardiac complications and five cases with essential hypei tension without 
demolish able caidiac involvement Twenty patients had hypertension 
and cardiac enlargement Thu teen of these (65 per cent) showed an 
angle of less than 0 degiees oi an index ova -f-20 (definite left axis 

10 Lewis, T Obsei vations on Ventricular Hjpertropliy with Especial Refer- 
ence to Preponderance of One or Other Chamber, Heart 5 367, 1913 

11 White, P D Personal communication 
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deviation) The aveiage angle was 6 degiees, the average index, -j-21 
Only five of this gioup showed inversion of the T wave in lead III, 
while three showed inversion of the T wave m leads I and II, and one 
mveision ot the T wave m lead I alone Four showed P wave changes 
m lead III There were five cases of hypei tension without cardiac 
enlargement Of these, three showed left axis deviation, two, inva- 
sion of the T and P waves m lead III, and one, inversion of only the 
1 wave m lead III Theie were nineteen cases of enlaigement that 
appeared on the oithodiagiam to be chiefly left ventricular, but without 
hypertension at the time the picture was taken Of these, eleven 
showed left axis deviation, ten inversion of T3, and seven changes m 
P3 The avei age angle of this group was 8 degi ees , the average index, 
-j-19 There w r as one case of rheumatic mitral stenosis that showed 
a noi mal angle and index, but m which a diphasic T wave m lead II and 
an mveited T wave m lead III were recorded The orthodiagram m 
this case showed a distinct right-sided enlargement 

The electrical axis did not differ materially whether oi not the heait 
was involved Foi example, the average angle m the gioup with simple 
obesity was 7 degiees and the average index +17, while m the group 
with hypertension and cardiac hypertrophy the averages w r ere 6 degrees 
and +21, respectively Fifty-six per cent of the cases of simple obesity 
showed definite left axis deviation, while 65 per cent of the cases of 
obesity with hypertension and caidiac hypertrophy shouted such an axis 
It is known that m people of oidmary size there is a definitely greater 
incidence of left axis deviation m those with hypertension and cardiac 
hypertrophy than in those with no cardiac abnormalities, 4 so that axis 
deviation is consideied by many to be of some value m the diagnosis of 
relative -ventricular h)pertiophy 12 In the obese, however, left axis devia- 
tion appears almost to the same degree and as frequently in cases of 
simple obesity as in cases with hypertension and cardiac hypertrophy 
Thus changes in the axis that may be produced by left ventricular hyper- 
trophy are obscured by the changes associated with obesity Therefore, 
deviation of the axis is probably of no significance m the obese Although 
inversions of the T wave m leads I and II theoretically may be associated 
with marked deviations in the electrical axis, m this study they are 
found not to occui m those cases m which the heart is apparently 
normal, despite marked deviation of the axis In the four cases m 

12 Pardee, H E B Determination of Ventricular Preponderance from the 
Electrocardiograph, Arch Int Med 25 638 (June) 1920 White, P D , and 
Bock, A V Electrocardiographic Evidence of Abnormal Ventricular Prepon- 
derance and of Auricular Hypertrophy, Am J M Sc 156 17 (July) 1918 
White (footnote 11) Carter (footnote 7, first reference) 
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which these invasions weie associated with marked left axis deviation, 
theie is definite clinical evidence of myocaidial disease 

Companson of Electncal and Anatomic Angle — Since it is tiue 
that the changes in the electiocaidiogram of the obese seem to be due 
to the changes m position lesultmg fiom the obesity lather than to any 
dnect cauliac effect, it appeared advisable to compare the anatomic 
and electncal angles and to deteimme if possible whethei 01 not the 
usual tiansverse position of the heait in obesity with its low anatomic 
angle is paialleled by changes in the electrical angle 

There does appeal to be a general relationship between the anatdjyuc 
angle of the heart as measuied with a protractor cfTj-t* aonr fo di agi am 
and the electrical angle as calculated from the electrocai diogram Of 
the twent} -fi\ e cases m the entn e group m which the anatomic angle was 
below 30 degiees and m which the heait may be said to have been m a 
more or less tiansveise position, the average electrical angle was 1 
degiee, which maj leasonably be considered as left axis deviation Of 
eleven cases in which the heart was moie oblique, the anatomic angle 
being over 40 degi ees, the a\ erage electi ical angle was 28 degrees, which 
may be consideied normal A similar companson in the group with 
noimal heaits show s that the aveiage electrical angle was 1 degree m 
those cases in which the anatomic angle was below 30 degrees, while it 
was 20 degiees m those cases in which the anatomic angle was above 
40 degiees In the gioup with simple obesity theie weie thirty-two cases 
with the anatomic angle below 35 degiees The aveiage electncal angle 
of these cases was 2 degiees, the electncal angle in none being ovei 25 
degrees Theie weie twenty-thiee cases of simple obesity in which the 
anatomic angle w r as more than 34 degrees (from 35 degrees to 47 
degiees) The average electncal angle m this gioup was 17 degrees, and 
only two cases showed an electncal angle below 0 degrees, or definite 
left axis deviation It is fair to conclude fiom these figures that the 
vanations in the anatomic angle that occur with lotation of the heart on 
a horizontal axis usually aie associated with coi responding changes m 
the electncal angle of the heait The important influence on the elec- 
trocardiogi am of rotation of the heart on a veitical axis, 13 which 
cannot be ascei tamed m a study such as this, may w^ell account for the 
disci epancies noted 

Influence of Age, Sc\, Peiccntage of Ovenveight and Duration of 
Obesity — The a-\ erage peicentage of ovenveight was 33 The per- 
centage of ovenveight beyond approximately 25 in the individual cases 

13 Meek, W J , and Wilson, A The Effect of Changes in Position of the 
Heart on the QR S Complex of the Electrocardiogram, Arch Int Med 36 614 
(Nov) 1925 
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seemed to have no direct bearing on the electiocardiogiaphic changes 
The age was likewise found to have no effect m the cases studied, 
in which all of the patients were adults Foi example, in the twenty- 
two cases of simple obesity in persons between the ages of 20 and 
40, the average angle was 7 degrees and the aveiage mdex^-f-lS, while m 
thirty cases of simple obesity in persons v between the ages from 40 
to 60, the average angle was 8 degrees and the a\ erage index -f-16 
The duration of the obesity w’as in no way related to \anations m the 
electrocardiogram m the noimal group, nor did the sex appear to be 
an influencing factor 

SUMMARY AND CONCLUSIONS 

1 The electrocardiogram of the obese person with an apparently 
normal heart m a large percentage of cases shows left axis deviation, 
flattening or inversion of the P wave and imeision of the T wa\e 
in lead III 

2 In those cases m which the heart appeals to be noimal, theie aie 
no significant changes in the T wave m leads I and II, legal dless of 
the extent of the axis deviation 

3 Left axis deviation due to change m position is usually 
associated with inversion of the T w’ave in lead III whereas left 
axis deviation owing to relative left ventriculai hj pei tropin is commonl) 
associated with an erect T wave m lead III 

4 Cases of obesity without othei oigamc disease show’- appioxi- 
mately the same incidence and extent of left axis denation as cases ot 
obesity complicated by hypertension and cardiac enlaigement 

5 Axis deviation in the electrocardiogram of the obese patient is 
of no value as an aid in the diagnosis of relatne lentiiculai hjper- 
trophy 

6 There appears to be a general lelationship between the anatomic 
angle of the lieait as measured on the orthodiagram and the electrical 
angle as calculated fiom the electiocaidiogiam 

7 Factors such as age, sex, duration and peicentage of ovei weight 
beyond 25 per cent seem to have no definite i elation to changes m 
the electrocardiogi am 
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In contiast to hypeichiomic anemia with achloih)dna, commonh 
called pernicious anemia, hypochi onuc anemia with achloihydria has 
received compaiatively little attention This is due pnncipally, it would 
seem, to three factois 1 This t)pe of anemia is so ieadil) confused 
with other hypochromic anemias that it often is not lecogmzed Man} 
physicians are satisfied to rule out pernicious anemia caiefully and then 
to rest content on a diagnosis of “secondaiy anemia” without fuither 
investigation 01 distinction A smeai is made, a blood count is done, 
no megalocytes are found, the color index is low, and at once all mtei est 
in the anemia disappeais 2 This condition never reaches the seventi 
of pernicious anemia, and hence is more leadily passed ovei The 
patients do not look as sick as they really aie, and one is gieatly sui- 
pnsed to find the hemoglobin so low r The} show so favorable a pictuie 
on pltysical examination, except foi the anemia, and they complain so 
little except of fatigue, lassitude and peihaps palpitation on exeition 
that one is inclined to considei them h} pochondnac Moreovei, although 
the anemia is peisistent, it laiely, if evei, increases to a sufficient degiee 
to cause the death of the patient While this lack of a possible fatal 
outcome cannot but lessen concern, it in no way alteis the economic 
importance of the condition 3 The disease has nevei leceived the 
attention in the liteiatuie that it would seem to desene It has nevei 
stood out as a cleaicut entity, but has been treated as a soit of side issue 
in the discussion of achlorhydria and its 1 elation to pernicious anemia 
Thus its own detail has been moi e oi less lost m theoi etical explanations 
of pernicious anemia 

Although the condition had been lecogmzed foi some time, Faber 1 
m his addiess befoie the Intel national Congiess of Medicine m London, 
m 1913, drew attention to the fact that not only pernicious anemia, but 
a simple chloiotic type of anemia might occur, associated with gastric 

J Submitted for publication, Aug 11, 1930 

-'■Read in prelnninaiy form befoie the Oslei Reporting Society, Monti eal, 
Jan 24, 1930 

' From the Department of Hacmatopatholo gv of the Pathological Institute, 
McGill University and the Royal Victoria Hospital 

1 Faber, K Anamische Zustande bci der clnonischen Achjlia gastrica, 
Berl klin Wchnschr 50 958, 1913 Faber, K, and Gram, H C Relations 
Between Gastric Achylia and Simple and Pernicious Anemia, Arch Int Med 
34 658 (Nov ) 1924 
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ach)lia He described a case and pointed out that 15 of 207 uncom- 
plicated cases of ach)lia showed percentages of hemoglobin below 50 
At this time he consideied that the achylia predisposed to the production 
of hemol)tic toxins of bactenal oiigin in the intestine, winch were the 
dnect cause of pernicious anemia Later further statistics were pub- 
lished, and the theoiy arose that congenital predisposition is the deciding 
iactor as to whether m achloihydna a hypochromic oi hyperchromic 
t} pe of anemia should arise In 1929, Altschuller 2 repoited a similar case, 
leviewed the work of Faber, and diew the conclusion that the achloi- 
hydna is not the pieponderant or exclusive cause of the anemia, but 
latliei the expression of an abnormal constitution in which this type 
of anemia may develop According to his views, as Naegeh thought 
foi chlorosis, the real cause lies deeply buried in a disturbance of the 
complex legulatory mechanism of hematopoiesis 

Watkins, 3 m his recent classification of what he refers to as chronic 
idiopathic anemia, includes as his thud group an anemia of middle-aged 
women, which agrees in many lespects with the condition under dis- 
cussion He stated, howeier, that achlorhydria may oi may not be 
piesent, and apparently, therefore, did not consider this of primary 
unpoitance m the disease pictuie 

Witts, 4 m an article on the relation of achloihydna to anemia, 
lecently called attention to this simple (hypochromic) form in contrast 
to pernicious anemia He stated that in his experience it is even more 
common m patients with achlorh) dria than pernicious anemia, and, f oi 
the leasons that we have alieady pointed out, is often not recognized 
In his opinion achloihydna, oi at least marked hypochlorhydna, is 
alwa>s present and plajs a pi unary role m the pathogenesis of the 
condition, although the finer details of the mechanism of this develop- 
ment are still in doubt 

In the course of several hundred complete morphologic examinations 
of the blood, I encountered this condition on several occasions At first 
comparatively little attention was paid to it, but as the finer diagnostic 
features of the blood picture became clearer and a prediction of achlor- 
hydria was often possible before gastric analysis was done, my interest 
m it became aroused It then took the appearance of a disease entity 
Moreover, as time goes on, more and more cases appear, so one cannot 
but feel that either the condition is becoming moie common or many 

2 Altschuller, G Sur la pathogeme de l’anemie hypochrome chronique, ditc 
achylique Acta med Scandmav 70 119, 1929 

3 Watkins, C H A Classification of Chronic Idiopathic Secondary 
Anemia With Especial Reference to the Morphology of the Blood, JAMA 
93 1365 (Nov 2) 1929 

4 Witts, L J Achlorhydria and Anaemia, Practitioner 124 348 (March) 

1930 
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cases have gone unrecognized in the past If such is the case, it would 
seem worthy of much moie detailed study than it has leceived I shall, 
therefore, summarize the outstanding clinical and hematologic features 
of my cases as a whole, give a moie detailed history m some indi- 
vidual cases and discuss bnefly the possible nature of the disease 
and its claim to an entity 

CLINICAL FEATURES 

All of the cases that I have encounteied have occuned in women 
Cases have been repoited, however, m men, though the great pre- 
ponderance m women is a well lecogmzed fact Most of the women are 
fiom 35 to 45 yeais of age, though occasional cases in younger and 
slightly older women occui None of my cases occurred m a woman 
after the menopause 

These women give a history of a healthy childhood and adolescence 
Careful questioning as to anemia coming on at pubeity or any evidence 
of a chlorotic diathesis at this time was geneially answered by the state- 
ment that they weie healthy with good color One finds, however, in 
the history of the later yeais two outstanding features (1) often 
indefinite stomach tiouble with possibly an opeiation foi ulcer and (2) 
always a persistent anemia and general weakness and lassitude Many 
of the patients ha\e had several children and have noted that dui mg 
piegnancy they were particularly weak and compelled to spend the latei 
months in bed Seveial of the patients were examined because of 
indefinite anemia duiing piegnancy, but caieful questioning bi ought out 
the fact that the anemia was piobably piesent befoie pregnancy began 

Physically, these women aie geneially slendei, with conspicuous 
musculature They do not appeal to have aged unduly They are not 
apparently very sick, but are pale, weak, tired and unanimated, often 
with a quiet attitude of nnnd suggesting lesignation to their fate They 
may complain of shoitness of bieath or palpitation on exertion Often 
they report dyspepsia, and they are extraordinarily careful about then 
diet and choice of food 

Physical examination leveals compai atively few abnoimal signs 
There may be a faint systolic murmur, and the blood pressure is 
inclined to be low Theie is no appreciable splenic or glandular enlarge- 
ment Careful examination of the stools shows no evidence of loss of 
blood Moreover, theie is raiely a history of excessive bleeding at 
menstruation, though occasionally menorrhagia is the initial symptom of 
an exacerbation All efforts to explain the anemia on a posthemor- 
rhagic basis fail Gastric analysis, however, reveals an absence of free 
hydrochloric acid after the test meal, and I am inclined to believe that 
this or at least extieme hypochlorhydria, is a constant observation The 
blood picture, moieover, is quite typical and will be taken up here m 
detail 
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MORPHOLOGIC DETERMINATIONS Or THE BLOOD 

The led blood cells are only moderately 1 educed in number, figures 
between 3,500,000 and 4,000,000 being most common On the other 
hand, the hemoglobin is relatively low, ranging from 30 to 60 per cent 
Consequently, the coloi index is often extremely low, and the hemo- 
globin concentiation is markedly reduced The cells are pale and stain 
poorly and irregulaily Morphologically, they vary considerably m 
size, with occasional foims laiger than normal and the great majority 
much smallei , figures for the average volume of corpuscles from 60 
to 70 cubic microns are common Poikilocytosis and polychromato- 
philia vary from slight to moderate Punctate basophilia has not been 
observed, and nucleated red cells do not occui except m severe and 
possibly complicated cases Not over 2 per cent of the cells show 
reticulations with the so-called vital stam On macroscopic examination, 
the fi agility appears comparatively noimal, however, by the microscopic 
method described by Chase and myself 5 amsohemolysis is demon- 
strable, and the peculiar combination of increased resistance in the 
lower tubes and mci eased fragility in the higher concentrations is 
piesent This is met with in other types of hypochiomic anemia The 
sedimentation velocity is remarkably slow considering the severity of 
the anemia, and stands in distinct conti ast to that m pernicious anemia 
m this respect Readings indicative of a velocity only slightly above the 
normal aie the lule 

In typical cases there aie from 4,000 to 5,000 white blood cells pel 
cubic millimeter, that is, a model ate leukopenia This is due primarily 
to a definite reduction m neutrophil polymorphonuclears The mono- 
cytes are also actually reduced m number, although their percentage may 
be slightly mci eased There is often a lelative, but never an absolute, 
lymphocytosis, and these forms may also be reduced m number In 
many cases of hypochromic anemia the mast cells may be noticeably 
mci eased, and occasionally there is slight eosmophiha The poly- 
morphonuclears do not exhibit toxic changes, but there is often increase 
lobation of the nuclei, that is, a shifting of the index of nuclear seg- 
mentation to the right as m pernicious anemia Immature forms, such 
as myelocytes, are but laiely seen m typical cases 

The platelets are somewhat i educed in number, though low figures 
suggesting an approaching hemorrhagic diathesis were not observed 
There is no prolongation of the bleeding time As regards coagulation, 
fibrin formation appears to occur more rapidly than normally in the 
majority of cases, and congealing of the blood both without and in the 

5 Waugh, T R , and Chase, W H A Combined Macroscopic and Micro- 
scopic Erythrocyte Fragility Technic, J Lab & Clin Med 13 872 (June) 1928 
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presence of added calcium chloride tends to be somewhat shoitened 
Retraction of the clot occurs promptly and to a maiked degree 

Finally, the seium is inclined to be a rather pale yellow with a faint 
or model ate green tinge Refraction of the plasma ranges fiom 55 to 
59 with the dipping ref lactometer The van den Bergh reaction never 
shows a maiked bilirubmemia The prompt direct reaction is negative 
and the delayed dnect reaction, as a rule, faint By the indirect method 
most cases give less than 0 3 units of bilirubin, but occasionally slightly 
higher figuies, though within normal limits, are found 

To summarize, theie is a marked low color index, 1 e , hypochiomic 
anemia, with evidence of deficient erythropoietic and leukopoietic 
myeloid activity Moreovei , the anemia is not hemolytic 

In seveie cases, as occasionally occurring in women dui mg pieg- 
nancy, the foregoing picture may be somewhat altered The anemia is 
more marked and nucleated red cells and myelocytes appear, but the 
blood picture as a whole maintains the same essential characteristics 

COURSE AND RESULTS OF THERAPY 

The anemia in these cases is extraordinarily persistent Following 
pregnancy, theie is appaiently some improvement, but a marked anemia 
persists The patients invariably complain that they dislike taking iron 
and that it does them no good Arsemc possibly causes an improvement 
m the subjective symptoms but no appreciable alteration in the blood 
picture These cases do not respond to liver therapy as do those of 
pernicious anemia I hai e examined two cases m paiticular after a long- 
continued diet of livei and found no appieciable alteration m the blood 
The benefit of tiansfussion is only temporary, and the blood rapidly falls 
to its pieuous le\el In fact, the persistence of the anemia and its 
tendency to maintain a constant level for months m spite of all manner 
of therapy is one of the outstanding characteristics of the disease One 
patient whom I have examined on numerous occasions for ovei two 
yeais, dui mg which time she was tieated by all the recognized methods 
of stimulating the formation of the blood, even by splenectomy, has 
maintained constantly approximately 4,000,000 red cells and 45 per cent 
hemoglobin 

Other authois have obtained much greater improvement in these 
cases under non therapy than my results would indicate They all 
emphasize, however, the necessity of giving the drug m large doses 
I have had no experience with the beneficial effect of a powdei pre- 
pared from the fetal liver of calves, as described by Watkins Recently, 
however, I have had the opportunity to follow the effects of iron and 
copper therapy, as advocated by Mills 6 In one particularly persistent 

6 Mills, E S The Treatment of Idiopathic (Hypochromic) Anaemia with 
Iron and Copper, Canad M A J 22 1/5 (Feb ) 1930 
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case, which had been under observation for several } ears during which 
time it had ne\ er shown a hemoglobin percentage over 60 per cent, there 
occurred a distinct use to 76 per cent, and an improvement m the color 
and general appearance of the patient, but no appreciable amelioration 
of subjective symptoms As this case was carefully followed and never 
showed the least lesponse to the usual forms of treatment for anemia, 
I am inclined to the view that there is a moie or less specific thera- 
peutic value m the combination of coppei with the lion m the treatment 
for this condition 

While I have been able to follow up only a few of these patients 
after they have left the hospital and only foi a comparatively shoit tune, 
none has completely recovered, but, perhaps e\en moie lemaikable, none 
to my knowledge has died Unfortunatel} , therefoie, I cannot repoit 
on pathologic changes taking place in the body, with the exception of 
those in the blood 


INCIDENCE 

My observations have extended over far too shoit a time to assert 
that the condition is becoming moie common Such a fact is most 
difficult to establish even over long periods However I am struck, as 
time goes on, by the increasing number of women whose blood I am 
asked to examine, who appear to be suffeung from this type of anemia 
I have not as yet had an opportunity to go over the older lecords for 
comparison, but m 1929 six cases were examined which fall definitely 
into this group, and four moie were seen within the fiist half of the 
present year 

SUMMARIES OF INDIVIDUAL CVSES 

Case 1 — Histoi y — Mrs G O , aged 39, had entered the hospital on sev eral 
occasions during the past two years She gave a history of good health through 
childhood and to the age of 30, when she had influenza Since then she never 
completely regained her health She complained of weakness and of becoming 
fatigued easily Menstruation was somewhat irregular, and the flow scanti' She 
had had three normal pregnancies Five years before entrance to the hospital 
she was operated on for an ovarian cyst, and two years later a uterine polvp was 
removed She had never been jaundiced The appetite was good, although she 
had some gas after meals Three years before I saw her an examination of the 
blood was made, and she was told that she had pernicious anemia She was 
treated by various methods, including liver therapy, without improvement 

Examination — Since the patient has been under mv observation, physical 
examinations have given essentially negative results No focus of infection could 
be demonstrated The urine and stools were normal Gastric analvsis failed to 
show free hydrochloric acid either before or after the test meal 

Morphologic examinations of the blood were carried out on several occasions 
On Jan 8, 1929, the first test showed red cells, 4,300,000, white cells, 4,000, 
hemoglobin, 67 per cent (9 4 Gm per hundred cubic centimeters), and color 
index, 0 78 
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The red blood cells showed marked amsochromia , marked amsocytosis with 
some large and many small forms, moderate poxkilocytosis and polychroma- 
tophiha, no punctate basophilia or nucleated cells, reticulated cells, 1 per cent, 
fragility test, amsohemolysis , corpuscle volume, 35 per cent , average corpuscle 
\olume, 81 cubic microns, and hemoglobin concentration, 084 There were 4,000 
white blood cells, and an examination of 400 showed 2,240 polymorphonuclears 
per cubic millimeter, or 56 per cent, 40 eosinophils, or 1 per cent, 40 mast cells, 
or 1 per cent, 390 monocytes, or 9 75 per cent, and 1,290 lymphocytes, or 32 25 
per cent There was a reduction in myeloid elements lhe platelets numbered 
110,000 and rvere usual in size and shape The bleeding time was not appreciably 
prolonged The coagulation time for the formation of fibrin was six minutes, 
congealing, fine minutes, and congealing with calcium, nine minutes, clot retrac- 
tion i\as present 

The serum was } el low with a faint greenish tinge The refraction of the 
plasma was 59 The results of the van den Bergh test were direct, prompt, 
negative, direct, delajed, faintly positive, and indirect, 0 5 units of bilirubin 

Com sc — Four subsequent examinations of the blood within the last eighteen 
months showed almost identical determinations Various forms of treatment foi 
anemia have been resorted to without change in the blood picture Recently the 
patient left Montreal Her physician advised iron and copper therapy, but I am 
unable to report the results In this case the anemia was comparatively mild, but 
characteristically persistent 

CHse 2 — Htsloiy — Mrs O, aged 40 entered the hospital on Jan 20, 1930, for 
examination and special tests She complained of loss of strength, palpitation 
and general malaise She had been in rather poor health for the past fifteen 
\ears, but during the last six months she had noticed increasing lassitude, with 
palpitation on exertion and loss of color She had never been jaundiced or 
noticed blood}, tarry or clay-colored stools The mentrual periods were irregular 
and without excessne loss of blood until the past few months, when they were 
somewhat prolonged, with a slightly increased flow She had never been pregnant 
The personal and family histories were irrelevant, except for the account of 
se\eral attacks of pleurisy in the past fifteen years 

Examination — Plnsical examination showed the patient to be moderately well 
nourished, very pale and of an older appearance than is ordinary for the stated 
age She did not appear acutely ill The temperature was 98 4 F , the pulse rate 
85, and the respiratorv rate 20 The mucous membranes were pale, and the 
tongue, red, glazed and fissured There was no glandular enlargement The lungs 
were clear The blood pressure was 140 systolic and 58 diastolic There was a 
srstolic murmur The liver was just palpable, the spleen, however, was 
i ot The urine and stools were normal The electrocardiogram was normal 
The basal metabolic rate was +214 A roentgenogram showed the chest to be 
normal except for calcified glands at each hilus The gastric analysis did not 
show free hydrochloric acid before or after the test meal 

The complete morphologic examination of the blood showed red cells, 
3,SOO,000 , white cells, 5,200, hemoglobin, 35 per cent (4 9 Gm per hundred cubic 
centimeters) , color index, 046 

The red blood cells stained poorly They showed marked amsocytosis with many 
small forms , moderate poikilocytosis , slight polychromatophilia , no punctate baso- 
philia or nucleated cells, reticulated cells, not over 1 per cent, fragility test, amso- 
hemolysis , corpuscle volume, 22 per cent, average corpuscle volume, 58 cubic 
microns , hemoglobin concentration, 0 7, and viscosity, low The white blood cells 
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numbered 5,200 , an examination of 500 showed 3,422 polymorphonuclears per cubic 
millimeter, or 66 8 per cent , 31 eosinophils, or 0 6 per cent , 21 mast cells, or 0 4 
per cent , 488 monocytes, or 9 4 per cent, and 1,238 lymphocytes, or 23 8 per cent 
There was a slight reduction m polymorphonuclears, but no toxic changes The 
platelets numbered 210,000 and were usual in size and shape The bleeding time 
was not appreciably prolonged The coagulation time for the formation of fibrin 
was one-half minute, and for congealing, seven minutes , retraction of the clot 
was present and marked The serum was a rather pale yellow with a faint 
greenish tinge Refraction of the plasma was 59 The results of the van den 
Bergh test were direct, prompt, negative, direct, delated, faintly positne, and 
indirect, 0 4 units of bilirubin 

Com sc — The patient left the hospital on January 25, and is being treated in 
her home No subsequent examinations have been made on the blood In this 
case tl\e grade of anemia was especially severe 

Other cases might be included, particulaily those with histones of 
gastric trouble or cases examined during pregnancy, w hich vary some- 
what from those given However, as the diagnostic featuies are essen- 
tially the same, they will be omitted 

DISTINCTION TROM OTHER TYPES OF ANEMIA 

Several of these cases were sent to me with a possible diagnosis of 
pernicious anemia for detailed examination of the blood The diagnosis 
may have been suggested by the anemia in the presence of achlorhydria 
or simply by the geneial appearance of the patient In one case the 
diagnosis of pernicious anemia had been settled on definitely, and the 
patient treated accordingly for several weeks Failuie to lmpiove on a 
strict diet of livei led to a further investigation 

Complete observations of the blood leave no possibility of confusing 
the two conditions Theie is a great similanty m the differential picture 
of the white blood cells , however, the marked hypochromic character of 
the anemia and the lack of bilirubmemia are points of shaip distinction 
I appreciate the possibility of having genuine pernicious anemia with a 
color index below 1 , however, in such cases the hemoglobin concen- 
tration remains high, and the lowering of the color index is due to the 
presence of many small fragments of erythrocytes or schizocytes 
There seems to be no hematologic grounds for concluding that these 
cases should be considered atypical cases of pernicious anemia, and cei- 
tamly their lack of response to liver therapy is against such a conclusion 

That these cases of hypochiomic anemia with achlorhydria are not 
meie cases of secondary anemia m which the etiologic factor is 
obscured is much more difficult to establish Posthemorrhagic condi- 
tions with poor regenerative ability on the part of the hematopoietic 
system might give a similar blood picture, howevei, demonstration of 
the loss of blood completely fails, and the maintenance of such a con- 
stant level of anemia is against such a conclusion 
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Similaily such chionic toxic states as tubeiculosis 01 nephritis often 
show severe cases of hypochi 01111c anemia with pool legeneiatne 
ability, the bone mairow is hypoplastic, and the body does not appear to 
respond to the deficiency m blood I can say only that there is no evi- 
dence up to the piesent time that such a pnmaiy condition plays a lole 
in this disease 

The marked hypochi omic character of the anemia and its occunence 
in this series in women exclusively, make one think of chloiosis, m this 
connection several points need to be mentioned Whether or not a ti ue 
chlorosis can actually exist m later life has been disputed for some tune 
Naegeli is the chief supporter of the affinnative view If late chloiosis 
does exist, and I am inclined to believe that it does, the teim should be 
employed and the disease defined as a peisistence of the chlorotic state 
into middle life In other words, the term should be used exclusively 
for cases liaung the same geneial clinical pictuie and identical blood 
pictures of typical chloiosis, and only in those cases which meet all 
specifications of that disease The teim should not be loosel) employed 
to designate any case of idiopathic anemia with low coloi index m 
middle life 

In the hypochi onnc anemia that I am discussing, the lustoiy and 
constitutional make-up of chloiosis are lacking As a rule, my patients 
gave a history of a healthy girlhood Moreover, m conti ast to the fie- 
quent sterility of chloiotic patients, these patients are often prolific The 
blood picture has ceitam points of siinilanty, particulaily the ei}thiocyte 
changes, howe-\er, the changes aie not specific of chloiosis, but are met 
with in any scieie case of hypochi onnc anemia The usual platelet 
increase of chloiosis is lacking, and the leukopenia is peisistent and 
definite Finally, while the lepoits of the analysis of the contents ot 
the stomach in chloiosis give vanous results, lnperacidity is most com- 
mon All of these facts combine to suppoi t a conclusion that, although 
one is dealing with a chlorotic type of anemia, one is not justified m 
considering the condition under discussion a valiant of that disease I 
therefore feel that there aie good grounds to suppoi t the view that this 
type of anemia may be looked on as a disease entity 

IS ACHLORHYDRIA ALWAYS PRESENT? 

Watkins, in describing his thud gioup of idiopathic secondan 
anemia, stated that theie may or may not be an associated achloihydna, 
and apparently he did not considei this a pathognomonic factor of the 
disease picture Mills, m the cases which he grouped togethei under the 
designation idiopathic hjopochromic anemia, stated that achloihydna is 
generally present, but may be lacking In all of my cases theie has 
been a distinct lack of fiee hydrochlonc acid m the contents of the 
stomach both dui mg fasting and aftei a test meal It may be meiely a 



80 


ARCHIVES OF INTERNAL MEDICINE 


coincidence that I have not had any cases with a lack of achlorhydria in 
my series, or it may be possible that achlorhydria develops only late in 
the disease and that early cases show free hydrochloric acid I am 
inclined to believe, however, that achlorhydria, or at least extreme hypo- 
chloihydna, as m pernicious anemia, is a pathognomonic factor of the 
condition that I have described, and that all cases that do not present it 
ai e not to be included m this group In the two cases in which histamine 
tests weie earned out, no free hydrochloric acid was found in the con- 
tents of the stomach following the admmistiation of, at first, one-half 
and, on a later date, 1 mg subcutaneously The importance of the 
question as to whether or not achlorhydria is always present becomes 
moie obvious when one consideis various hypotheses as to its nature 

POSSIBLE NATURE OF THE DISEASE 

The outstanding featuie of this type of anemia is the hypochromic 
chaiactei A relatively high erythrocyte count with a low hemoglobin 
percentage is always present Watkms called attention to this apparently 
1101 mal ability of the bone marrow to keep up the number of red blood 
elements while maintaining a marked deficiency in the concentration of 
hemoglobin As he stated, theie is an apparent dysf unction in the 
synthesis of hemoglobin Too, in my cases at least, there has been the 
constant piesence of achloihydria, which may be either primary or 
secondary to the anemic state This question beai s considerable weight 
in constructing theories as to the nature of the disease 

If the achlorhydria is pi unary, the recent work of Castle and Town- 
send on the etiologic relationship of achylia gastuca to pernicious anemia 
may have an important bearing heie These authois showed that by 
treating patients with pernicious anemia with beef muscle previously 
incubated with normal gastric juice a progressive impiovement m the 
anemia lesults comparable to that resulting fiom livei diet ^ However, 
neither of these substances sepaiately produce the beneficial effect They 
aigue, theiefore, that the effective substance is produced by the action 
ot normal gastric juice on the muscle Liver evidently supplies this 
eftectne substance and does not lequire tbe action of normal gastric 
juice to form it It would seem, therefoie, that m such cases of achylia 
gastnea not only hydrochlouc acid but certain proteolytic ferments 
necessary for the production m the body of the effective substance are 
lacking 

Returning to the type of ltypochromic anemia with achlorhydria 
under discussion, the possibility is offered that here too one is dealing 
with a deficiency m gastric activity This leads to the absence or incom- 
plete formation of some chemical substance which although differing 
from the effective substance m liver is essential for the maintenance of 
normal hematopoiesis Its absence or presence m too small amounts 
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leads, not to the typical hypeichionnc type of anemia met with in pei- 
nicious anemia, but rather to liypochiomic anemia charactei lzed pai- 
ticularly by peisistent deficiency m hemoglobin formation 

If, on the other hand, the achloihydna is simply secondaiy to, and 
the result of, the anemia, one must look elsewheie foi the primaiy 
cause That achloihydna may lesult fiom anemia has been held foi 
a long tune ITowevei, it is difficult to conceive how anemia alone 
can cause it, and certainly many seveie cases of anemia cover long 
periods without a maiked change m the gastnc secietions One should 
ceitamly hesitate to explain away the achloihydna as simply as has been 
done in the past Up to the present time none of the cases which I 
have examined, to my knowledge, has shown any pnmaiy etiologic 
factor such as would wan ant its being put into the common categoiy of 
so-called secondaiy anemia Only fuither obseivations ovei long 
periods of time can lule out this possibility 

Granted, therefore, that the achloihydna is not puiely secondaiy, 
there aie still the theones of Faber and Altschuller, mentioned before 
to bear m mind As legards the foimer, the same aiguments pio and 
con as to the impoitance of intestinal floia in pernicious anemia apply 
here A massive hteiature has giown up on this question which it is 
beymnd the scope of this papei to discuss As legal ds Altschuller’s 
views, while they may be coriect, they aie at best disappointing so fai 
as they seem to bmy the cause of this type of anemia beyond the means 
of scientific excavation I am impressed by the fact, howevei, that 
although apparently authentic cases hare been descnbed in men, all of 
my cases have occuiied in women, and that this type of anemia is cei- 
tamly much more common in this sex Moi eover, I have not met v ith 
a single typical case m a woman past the menopause Such facts sug- 
gest an endocime 01 nervous factoi, and I cannot but feel that while 
similai, the cases occuiimg in men may eventually be found to be not 
strictly identical as legards etiology and pathogenesis 
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In e\aluating the status of diseased oigans, ceitam attempts might be 
directed to the deviations m the normal functions of synthesis and 
excietion In the h\ei such tests have diagnostic limitations, since the 
degree of pai ench) matous involvement does not necessarily parallel the 
impairment of the various individual functions, moieovei, the process 
of regeneiation in the Ever is frequently extensive 

The tolerance tests for levulose and galactose, which have leceived 
much attention, have not always been very fruitful m the elucidation 
of the pioblem The results obtained with the dye excretion 
method are too sensitne, and the presence of jaundice causes 
errors in the quantitative estimation, moreover, theie is some hesitancy 
in employing this method if the liver is already damaged, especially if 
there is also rnaiked diminution m the excretion of bile The study of 
the biliary pigments in the blood enables one to detect the presence of 
jaundice before its clinical visibility, but, except for the differentiation 
of the hemol) tic anemias, it offeis little aid m connection with the 
various parench) matous diseases of the liver, as bilirubin is detected 
m hemolytic and obstructne jaundice when 1 datively little damage of 
the liver has occuned This objection also holds foi the presence of 
the pigments m the unne The determinations of lactic acid and ammo- 
acids m the blood and urine are veiy complicated, and the urea of the 
blood begins to show abnormal deviations only m exti erne damage, since 
its formation is one of the last of the functions of the liver to disappear 
Experimental and clinical data in lecent yeais have focused atten- 
tion on the impoitant idle of the liver m the cholesteiol metabolism 
According to the majority of authors, there is m the noimal blood plasma 
of human beings from 140 to 200 mg of total cholesteiol per hundred 
cubic centimeters, depending on the method of examination employed, 
and of this from 50 to 70 per cent is in the form of cholesterol ester 
(the combination of 1 molecule of free cholesterol with 1 molecule of a 
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fatty acid) Among others, Hueck 1 expressed the belief that the 
greatest source of the cholesterol in the body is exogenous, the enteio- 
genous resorption depending on the amount of cholesterol m the food 
and on the presence of fatty acids, bile and pancreatic juice m the intes- 
tines The main excretory path of the cholesterol is via the bile, and m 
the human being the cholesterol in the bile is m the foim of free 
cholesteiol Accoidmg to Thannhauser, 2 the liver is the legulatoi not 
only of the cholesteiol content of the blood, but also of the relation of 
the fiee cholesteiol to the cholesterol estei The liver is also its chief 
excietoi} organ That other organs, and especially the leticulo- 
endothehal system, may be involved in the cholesterol metabolism was 
shown b) the work of Rothschild, 3 Leites, 4 Frenckell and Nekludow 0 
and otheis on the suprarenals, lungs, spleen and other paits of the 
icticulo-endothelial system 

In the lner a leversible reaction of synthesis of cholesteiol ester 
fioin fatty acids and free cholesteiol and of hydiolysis or saponification 
by means of estei ases into free cholesterol and fatty acids is always 
occurring Kondo 0 and Schultz 7 were the fiist to demonstiate m the 
lner of horses and cows a ferment capable of splitting cholesteiol ester, 
and to this is attubuted the absence of cholesterol ester in the bile 
Thannhauser demonstiated the presence of esterases m the intestines, m 
the duodenal and pancreatic juices and in the bile of human beings, 
and he also believed in the possibility of the saponification of the ester 
in the intestines 

It seemed that a study of the liver might be undertaken with reference 
to its property of regulating the cholesterol content and the ratio of the 
free cholesteiol to the cholesterol ester in the blood In reporting on 
the lipoids m acute yellow atrophy, Feigl 8 noted low figures for the 
cholesterol ester (fiom 11 to 50 per cent of the total), but he did not 
attach any particular significance to these observations Thannhauser and 
Schaber 9 showed that in cases of damage of the liver the values foi 
cholesterol ester were below those of the free cholesterol, and that m 
the more severe cases (acute yellow atrophy) the values for ester were 

1 Hueck, W Zentralbl f Path u path Anat 36 211, 1925 

2 Thannhauser, S J Lehrbuch des Stoffwechsels und der Stoftwechsel- 
krankheiten, Munich, J F Bergmann, 1929 

3 Rothschild, M A Beitr z path Anat u z allg Path 60 39, 1915 

4 Leites, S Biochem Ztschr 184 273, 1927 

5 Frenckell, G , and Nekludow, V N Arch f d ges Physiol 220 356, 

1928 

6 Kondo, K Biochem Ztschr 26 238, 1910, 27 436, 1910 

7 Schultz, J H Biochem Ztschr 42 255, 1912 

8 Feigl, J Biochem Ztschr 86 1, 1918 

9 Thannhauser, S J , and Schaber, H Klin Wchnschr 5 252, 1926 
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so depressed and loweied as to be occasionally entirely lacking, which 
disappearance Thannhauser called “Estersturz- ” Enderlen, Thann- 
hauser and Jenke 10 extirpated the liver m 6 dogs, and m only two were 
they able to demonstrate a fall in the ester cholesterol content of the 
blood Adler and Lemmel, 11 m a large series of cases of acute and 
subchronic yellow atrophy and icterus catarrhalis, demonstrated that the 
lowering of the values for cholesterol ester ran parallel to the severity 
of the degeneration of the liver, and that with recovery the nonnal 
values were gradually reached In twenty-seven cases of cirrhosis of 
the In er, little or no changes m the values for the cholesterol ester were 
found On the other hand, Buiger and Habs 12 in cases of severe 
damage of the liver m human beings, Rosenthal, Licht and Melchior, 13 
m extirpation of the livei of dogs, and Stein and Suchantke, 14 in 
clinical and experimental im estigations, were not able to corroborate 
the observations of a complete disappeaiance of the cholesterol ester 
Moreover, Mann 15 found no change in the cholesteiol before and at 
periods following the lemoval of the liver 

The contradictoiy xesults encounteied m clinical obseivations might 
be obviated if the cases were studied from the onset of the injury until 
the teimmation m either recoverv or death The present study com- 
prises the results of such observations m ten cases of acute parenchyma- 
tous disease of the livei, of unknown etiology, occumng in the couise of 
infection, following medication, and vaiying in intensity from mild 
hepatitis m a case of pneumonia to fatal acute yellow atiophy, and in 
four cases of atiophic cmhosis of the In ei The work was done in the 
chemical laboratoiy with the supei vision of Di Hariy Sobotka 

Determinations of the total, fiee and ester cholesteiol content of the 
blood were carried out on fiom 1 to 2 cc of blood plasma taken fiom 
the patients in the morning before bieakfast, the method of Blooi and 
Knudson 10 was employed A shoit summary of the clinical histories 
and observations m these cases is piesented 

10 Enderlen, E , Thannhauser, S J , and Jenke, M Arch f exper Path 
u Pharmakol 120 16, 1927 

11 Adler, A , and Lemmel, H Deutsches Arch f klm Med 158 173, 1928 

12 Burger, M, and Habs, H Klin Wchnschr 6 2221, 1927 

13 Rosenthal, F , Licht, PI , and Melchior, E Arch f exper Path u 
Pharmakol 115 138, 1926 

14 Stern, R, and Suchantke, G Arch f exper Path u Pharmakol 115 
221, 1926 

15 Mann, F C Modified Phjsiologic Processes Following Total Removal 
of the Liver, J A M A 85 1472 (Nov 7) 1925 

16 Bloor, W R J Biol Chem 24 227, 1916 Bloor, W R , and Knudson, 
A J Biol Chem 27 107, 1916 
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GROUP 1 ACUTE PARENCHYMATOUS DISEASES OT THE LIVER 

Case 1 — A man, aged 32, with an unimportant past history, complained of 
loss of appetite, dark urine, diarrhea, clay-colored stools of ten days’ duration 
and jaundice of six days’ duration prior to admission There was no history of 
pain, vomiting, fever, chills or previous attacks of jaundice No medicines had 
been taken by the patient previously Physical examination showed deeply jaun- 
diced sclerae and a palpable liver two fingerbreadths below the costal margin, 
which was not tender No fluid was present in the abdominal cavity The spleen 
was barely palpable The course of the disease was afebrile throughout The 


Table 1 — Detcnmnation of Total, Free and Cholestei ol Ester Content m the 
Blood Plasma and Relation to Othci Tests in Case 1 


Cholesterol 

A 


Date 

Total 

A 

Ester 

Free 

4/ 8* 

150 

Trace 

150 

4/10 

140 

Trace 

140 

4/14 

162 

57 

105 

4/18* 

214 

56 

158 

4/29 

300 

120 

ISO 

5/14 

312 

188 

124 


Liv er Pune 
tion Test 


Urjnc , 

— * v Dye Re 


Uro 


tention, Icterus 

bilin 

Bile 

30 Min Index 

++ + 

+ 

60% 70 


+ 

120 



75 



20 


Van den Bcrgli Ester, 

a per 

Direct Indirect Cent 

0 

0 

Positive 1 11,000 35 

20 

10 

Delayed 1 330,000 00 

positive 


* Urobilin present in stool 


Table 2 — Determinations in Case 2 


Liver Pune 
tion Test 

Urine a * , 

Cholesterol , K , Dye Re Van den Bergh Ester, 

— — — » s Uro tention, Icterus , * , per 


Date 

Total 

Ester 

Free 

bilm 

Bile 

30 Min 

Index 

Direct 

Indirect 

Cent 

2/13 

260 

0 

260 

+ 

+ 

35% 

30 

Negative 

1 500,000 

0 

2/24 

270 

0 

270 

+ 

+ 


25 

Negative 

1 380,000 

0 

3/ 6 

170 

114 

50 

0 

0 





67 

3/11 






5% 

IS 





diagnosis was toxic or infectious hepatitis The patient improved on a diet high 
in carbohydrates 

Case 2 — A boy, aged 13, entered another hospital m October, 1929, with a 
history of lumbar pain, marked icterus and attacks of irregular fever At that 
tune he was found to have a very large liver and a moderately enlarged spleen 
The blood count was normal, and a chemical analysis of the blood gave normal 
results Evidences of mild hepatic insufficiency were noted, the icterus index 
was 20, and urobilmuria was present On admission to this hospital, in February, 
1930, a moderately enlarged, tender liver and a large hard spleen were observed , 
the patient was slightly icteric and practically afebrile The condition of the 
patient improved on a diet high in carbohydrates Dr G Baehr considered this 
case one of obscure liver disease, probably the result of diffuse hepatitis with 
disturbance in the function of the liver 

Case 3 — (This patient was seen privately in consultation by Dr E Libman, 
through whose courtesy the chemical studies were made) A girl, aged 18, single 
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ga\e a history of gastro-mtestmal upset, with the onset of \ omiting which later 
became bloody and coffee-ground m nature, deepening jaundice, pruritus, very 
dark urine, light, almost clay-colored stools, slight fever, apathy and drowsiness 
Percussion showed that the liver was small The case was considered by Dr 
Libman to be one of acute yellow atrophy The patient died a few days later 
Urinalysis showed marked urobihnuria and bihrubinuna, and by the use of the 
tyrosinase method of Lichtman and Sobotka 17 tryosine was found to be present 
The total cholesterol in the blood plasma was 90 mg per hundred cubic centi- 
meters, and the ester fraction of the cholesterol was 0, three days before death 

Case 4 — In a married woman, aged 34, there was a history of progressive 
enlargement of the abdomen The condition was first considered to be pregnancy, 
then it was found to be an enlarged liver On admission, physical examination 

Table 3 — Detei imitations in a Case of Diffuse Hepatitis (Case 4) 


Elver Junction Test 
brine , ' 




Cholesterol 
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—A ^ 

Dye Re 


Ester, 
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A 

. 
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tention, 
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Bile 

o 0 Min 
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57 
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+ 
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27 
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0 

107o 

13 


3/ 8 

94 
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94 





Trace 


Table 4 — Detei mutations in a Casa of Secondaiy Congestive Atrophy ( Case 5) 


brine Stool 

Cholesterol , — ’ , , * — 

* . Tiro Uro 



f A 

\ 

Uro 


Uro 


Date 

Total Ester 

Eree 

bilin 

Bile 

hilm 

Bile 

2/13 
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135 

++ 

0 

+ 

+ 

2/26 

144 44 
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4- 

0 



2/29 

118 0 
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0 
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Liver June 
tion Test 

A 


Dye Re 

Van den Bergh 

Ester, 

tention, Icterus 
30 Min Index 


A 

per 

Direct 


Indirect 
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Eega 

1 300,000 

0 


tive 



50% 60 



31 


Post 

1 26,000 

0 


tive 




showed a well developed and nourished woman, with icteric sclerae and an 
enlarged liver, which occupied the entire abdomen down to the pubis, and was 
firm, not tender and smooth Pneumoperitoneum showed a slightly enlarged 
spleen A blood count and chemical analysis of the blood gave normal results 
Microscopically, a biopsy of the liver showed a diffuse chronic and acute hepatitis 
The patient left the hospital shortly afterward 

Case 5 — A man, aged 37, single, had been injured five months before admis- 
sion in an automobile accident, causing swelling of the right leg Three months 
after the injury the abdominal girth became noticeably increased On admission 
to the hospital, this condition was found to be ascites, requiring evacuation Fol- 
lowing paracentesis, the liver was palpable and was found to be considerably 
enlarged In view of the swelling of the right low r er extremity, due to thrombosis 
of the saphenous vein, the possibility of thrombosis of the hepatic vein was con- 
sidered There was moderate polycythemia The patient became drowsy and 


17 Lichtman, S, and Sobotka, H T Biol Chem 85 261, 1929 
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stuporous, definitely jaundiced and slight!} feverish 1 he Inei function was 
greatly impaired Thrombosis in the left cerebral hemispheie developed and the 
patient died in three weeks Autopsy showed thrombosis of the right saphenous 
vein and of the branches of the hepatic veins This thrombosis caused secondarv 
congestne atrophv of the liver 

Case 6 — A man, aged 26, single, showed a typical picture of lobai pneumonit 
of five days’ duration, involving the right and left lower lobes On admission 
the patient was m a severely toxic condition with high temperature, and required 
the continuous administration of oxygen The disease reached a cusis after three 
days, and normal temperature was noted thnty-six hours latei While under 
observation the patient became jaundiced, the liver became enlarged and grew 

Table 5 — Detci imitations m a Case of Acute Hepatitis (Case 6) 


Cholesterol I rme 



t 

A 

A 

_ __ A _ 


Fster, 

Date 

Totil 

Lster 

Free 

Urobilin 

Bile 

per Coni 

4/ 4 




+ + 

0 


4/ 6 
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67 
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+ 

0 

31 

4/ 9 




Trace 
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4/11 
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13G 

40 

0 

0 
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Table 6 — Choleric} ol Dete} uunations m a Case of Ai tcmcal Toxic Hepatitis 

(Case 7) 


Cholesterol 
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..... . ^ 

Date 

Total 

Ester 

Flee 

2/13* 
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3S 

S2 

2/24 
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2/27 
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130 


Liver Func 
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+ ++ 100 % 120 


h 0 40 
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K 

1 ''ter, 
per 
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Indirect 
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1 IS, 000 

o2 

positive 

Delayed 

1 310,000 

4 , 

positix c 


42 

50 


52 


* Bilo present in stool 

tender, and the urine contained large amounts of urobilin The condition was 
evidently acute hepatitis Following the crisis, the jaundice leceded The patient 
was discharged as well 

Case 7 — A man, aged 20, single, had had syphilis two years previously He 
was treated with arsphenamine, the last injection having been given nine month s 
prior to his admission to the hospital He had undergone three extensive tattoo- 
ing operations , the last one had been performed two weeks preceding admission 
After this operation there was a nnld febrile reaction with loss of appetite and 
weakness The patient went to bed, and ate practically nothing Four dax- 
before admission, the urine became very dark On admission the patient was 
moderately jaundiced, with an enlarged, tender liver , the spleen was non- 
palpable The disease followed an afebrile course The Wassermann reaction was 
negative There were evidences of marked damage of the liver Arsenic was 
found in the urine nine months after the last injection of arsphenamine 1 he case 
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was considered one of arsenical toxic hepatitis precipitated by recent malnutri- 
tion The patient’s condition improved on a diet high in carbohydrate and low 
in fat 

Case 8 — A man, aged 52, was treated for thrombo-angntis obliterans of four 
years’ duration He had received intravenous injections of hypertonic saline in 
doses of from 100 to 150 cc about six times monthly for the past five months 
(thirty injections) Thirty-six hours after the last injection (seven days before 
admission to the hospital), malaise and fever with nausea developed At that 
time clay-colored stools and dark urine were noted Two days later definite 
jaundice and pains in the right lower quadrant of the abdomen were observed 
On admission, the patient was deeply jaundiced, the liver was below the costal 

Table 7 — Detenmnations m Case 8 
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Table 8 — Values for Cholesteiol m a Case of Toxic Hepatitis ( Case 9) 
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5% 

15 




margin and 

was 

not 

tender, 

and 

the spleen 

could 

not be 

felt 

The case was 


considered one of acute hepatitis resulting from intravenous infusions of hyper- 


tonic saline The patient was given a diet high m carbohydrates and low in 
fats, with insulin, and he gradually improved He was discharged as well at the 
end of twelve weeks 

Case 9 — A man, aged 40, married, entered the hospital because of loss of weight 
and generalized adenopathy Because of restlessness and nervousness, he was 
given 18 grains (1 16 Gm ) of phenobarbital in thirteen days , a diffuse, irregular, 
macular eruption developed with a temperature that ranged as high as 104 F 
The condition was diagnosed as erythema medicamentosum There was a per- 
sistent fever Then an icteric tint to the sclerae and skin developed with bile and 
urobilin in the urine The patient began to vomit, jaundice increased, with dimi- 
nution in the size of the liver There was no history of the administration of 
arsenic The condition gave the impression of being toxic hepatitis or acute 
yellow atrophy With the continuous intravenous injection of dextrose and a 
diet high m carbohydrates the patient improved gradually 
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Case 10 — A woman, aged 31, married, suffered from attacks of painful joints, 
rash, conjunctivitis and puffiness of the lower lids, lasting from three to five weeks 
and recurring every three weeks In February, 1930, the patient was given cm- 
chophen tablets, 5 grains (0 324 Gm), three times daily for three weeks Then 
medication was stopped for six weeks In April, she was given 5 gram cinchophen 
tablets three times daily for five days After ten tablets had been administered, 
generalized pruritus developed with dark-colored urine, containing bile Ten days 
after the administration of the last tablet, icteric sclerae and skin and whitish 
stools were noted For from four to five days before admission, there was a fever 
ranging from 100 to 104 F with chilly sensations Physical examination showed 
marked jaundice, and at a hand’s breadth below the costal margin the liver was 
firm, smooth and not tender The spleen was palpable The condition was con- 
sidered one of toxic hepatitis or of early yellow atrophy following medication 
with cinchophen The patient was put on a diet high in carbohydrates, and 
improved 

Table 9 — Detei inmahons m a Case of Toxic Hepatitis (Case 10) 
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A peiusal of the aforementioned results shows several mteiestmg 
observations In case 1, in which the condition was evidently catarihal 
icterus or toxic hepatitis, the total cholesterol of the blood was normal, 
whereas the cholesterol ester was practically nothing at the onset of the 
disease at the tune when the liver function was markedly diminished, as 
evidenced by the urobilmuria, the considerable letention of the injected 
dye and the high icteric index On a diet high m carbohydrates, theie 
was a gradual improvement m the condition, and with this a gradual 
rise in the absolute and relative values for ester, until, before discharge, 
the peicentage of the ester was normal The second case was one of 
diffuse hepatitis of obscure origin, with urobilinuria and retention of 
dye The cholesterol ester was entirely lacking m the beginning, but 
with improvement in the general condition of the patient, the ester 
portion rose to 67 per cent of the total cholesterol, which is the normal 
ratio of ester to total cholesteiol Case 3 was clinically considered as 
one of acute yellow atrophy, with the presence of tyrosine m the urine 
The blood plasma showed a low total cholesterol of only 94, and the 
ester portion was entirely missing Case 4 presented a puzzling problem 
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The only obseivations weie uiobilmuria and a tiemendously enlarged, 
smooth livei , the icteius index and the dye retention test of the liver 
vv ere normal However, the values for cholesterol ester were relatively 
and absolutely low at first and then disappeared Theie seemed to be 
some discrepancy here since the test for livei function showed a nor- 
mally functioning livei , whereas the ester disappearance pointed to con- 
siderable damage However, a laparotomy was pei formed and the 
biopsy of the livei showed a diffuse chronic and acute hepatitis, thereby 
confirming the impression of liver damage as evidenced by the low ester 
rallies In case 5, with the interesting condition of thrombosis of the 
hepatic veins and the subsequent congestive atiophy of the liver, theie 
was noted at fiist a trace of estei, but shortly thereaftei a total disappear- 
ance of the cholesteiol ester followed by the death of the patient in a few 
days In case 6, a typical lobai pneumonia, with some damage of the 
livei, developed, as shown by the urobihnuna and jaundice The total 
cholesteiol m the blood plasma was within normal limits, and the 
cholesteiol ester was depiessed, but not markedly This seemed to point 
to a mild hepatitis, especially as the ester returned to normal in five 
days and the patient became well Cases 7 , 8, 9 and 10 are all instances 
of acute hepatitis following medication In each case there were ample 
evidences of severe damage of the liver, such as jaundice, urobihnuna, 
a high icteius index, oi marked retention of the dye in the biom- 
sulphalem test The figures for cholesterol estei m the blood plasma 
were either consideiably depiessed or zero, seemingly dependent on 
the seventy of the damage With the institution of diets high m 
carbohydrate, the cholesterol esters rose until they reached normal 
absolute and relative values, the use being concomitant with the giadual 
impiovement m the condition of the patients 

Of particulai intei est is the fact that in cases 1, 6, 7, 8, 9 and 10, 
concomitantly with the clinical improvement and the l egression of the 
evidences of damage of the liver, the total cholesterol and the ester figures 
lose beyond those found in normal blood plasma This significant obser- 
vation is being furthei studied Apart from the theoretical side, it 
already' - has a value in demonstrating that unless cases aie followed from 
beginning to end, the figuies foi the cholesterol and its ester, taken at 
varying times m the couise of a given disease piocess, might give diveise 
lesults to different observers A single analysis taken at landom might 
yield a distorted picture of the condition, owing to the eaily restoration 
of the ester fi action dui mg penods of lecoveiy (see cases 1, 6, 9 
and 10) 


GROUP 2 ATROPHIC CIRRHOSIS OF THE LIVER 

This type of hepatic disease, a process slow and long drawn out in 
its evolution, and m which there is ample time for regeneration, offers 
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a conti ast to the rapidly piogiessmg acute paienchymatous damage of 
the In er Table 10 compnses the chemical deteiminations m these cases 
A bnef summai y of the clinical histon and physical obseivations is 
given 


Case 1 — A man, aged 39, single, had been admitted to the hospital three 
yea is preMOusly with a histoij of chronic alcoholism, morning retching, vomiting, 
increasing weight and loss of strength Ascites was present He used alcohol 
to excess Three months pi 101 to the second admission to the hospital there were 
slight painless hcmatemcsis and mclcna, morning 1 etching and soreness of the 
epigastrium The edge of the Iner was palpated tlnee fingerbreadths below the 
costal margin, it w'as smooth, rounded and not tendei Ascites was not present 
The Wasseimann reaction was negative Four vears prior to admission and on 
admission the cacc was considered one of alcoholic cirihosis of the liver 

Table 10 — Chnincal Dctcnmnations in Foiu Cases of Atiopluc Cm hosts of 

the Livci 
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Case 2 — A widow, aged 61, had a histon oi repeated alcoholic sprees for 
the past five years, with epigastric distention, belching and other disturbances 
There was no mclcna or hcmatemcsis Befoie admission, incessant vomiting and 
jaundice dc\elopcd, following lepcated sprees The patient enteied the hospital 
with a subictcric tint to the sclciac uid skin, and an enlarged, hard and irregular 
Iner The spleen was not palpable A i oentgcnogi am of the gastro-intestinal 
tract was negative The linpicssion gained was that the condition was cirrhosis 
of the liver 

Case 3 — A man, aged 64, single, had a history of unlimited indulgence in 
liquor for many vcais Six weeks before admission, swelling of the lower 
extremities was noted, thicc weeks later iapul swelling of the abdomen, poor 
appetite and abdominal cramps were observed On admission the following 
observations were made slight iclci us, enormous ascites, enlarged supeificial 
veins, sclci oderma of the lowci extiemities, absence of axillary and pubic hair, 
diminutive genitalia and peculiar thin skin, suggestive of the constitutional type 
seen in curhosis ATtci paracentesis of 10 liters (1 Kg) of clear fluid, a 
coarsely irregular edge of the livci and the spleen wcie felt live fluid rapidly 
rcaccumulaled, followed by death Autopsy showed all opine portal cirihosis with 
adenoma 

Case 4— In a widow, aged 40, jaundice developed following an alcoholic spree 
six weeks before admission The condition was painless, and it was accompanied 
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by light-colored stools On admission, the lrver was found to be enlarged four 
fingerbreadths below the costal margin The spleen was palpable, and there was 
moderate jaundice The gastro-intestmal series was negative The case was 
considered typical of cirrhosis of the lrver 

In this group of cases of atrophic cnrhosis, it will be seen that 
the cholesterol in the blood plasma lies within noimal limits for the 
total values as well as for the ester portion This preservation of the 
ability of the liver to esterify the free cholesterol agrees with the 
general observations that in uncomplicated cases of cirrhosis of the liver 
— in noncholemic stages — the functions of the liver are very little 
impaired This is in agreement with the observations of Adler and 
Lemmel, who also found normal or only slightly lowered values for 
cholesterol and for estei m the blood m cases of cirrhosis of the liver, 
m which the patients were not m the precomatose or comatose condition 

COMMENT 

The most striking changes have been encountered in the values for 
cholesterol ester of the plasma The figures for cholesterol ester have 
lun moie or less parallel to the severity of the damage, as measured by 
the general condition of the patient and the signs of damage of the livei 
commonly emplo) ed, namely, urobihnuna, jaundice, increased icterus 
index and abnormal retention of bromsulphalem When the damage 
has been most severe, the ester fraction has been markedly depressed 
or even entirely absent, and when there has been impiovement in the 
cases, the ester values have risen until, relatively and absolutely, the 
normal proportions have been leached 

To account for this phenomenon the suggestion has been made that, 
with acute diffuse parenchymatous damage, the liver loses its function to 
esterify the free cholesteiol with the fatty acids, and that this property 
of the liver is a sensitive one and readily disturbed It is also con- 
ceivable that through such damage of the liver the ester might disappear 
through an enhanced enzymatic activity resulting in increased splitting 
of the cholesterol ester However, it seems more probable that the 
disappearance of the cholesterol ester is due to the loss of the ability 
of the liver to esterify the fiee cholesterol 

In four cases of atrophic cirrhosis of the livei , m which the damage 
to the liver was not appreciable and in which the process slowly 
developed with an opportunity for ample legeneration, the functions of 
the liver were not markedly disturbed Concomitantly, it will be seen 
that the values for cholesteiol, both total and ester, have been within the 
normal or slightly subnormal range 

From this series of cases, and from the work of certain authors 
previously mentioned, it can be seen that the values foi cholesterol ester 
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m the blood plasma seem to paiallel othei evidences of damage of the 
liver and that the depiession 01 disappeai ance of the estei goes hand in 
hand with the 1 educed function as estimated by the other tests for liver 
function It seems, theiefoie, that through the simple determinations 
of the total cholesteiol and cholesterol estei, on fiom 1 to 2 cc of fasting 
blood plasma, one might find a way to eliminate the tedious and com- 
plicated methods of testing the livci function, especially since by this 
most convenient method, lepeated values can be obtained at shoit 
intervals thioughoul the entire piocess of the disease It will be found 
to be not only of diagnostic but also of some piognostic aid 

Studies aie now being dnected to the cases of calculous disease, with 
and without complications of hepatic disease and infection, m an 
attempt to amve at a com cnient means of estimating the amount of 
damage of the lnei caused b\ the stasis in the bihaiy passages 

SUMMARY 

1 An added insight into the complex pioblem of livei function seems 
to be gleaned fiom the deteimmation of the total and cholesterol estei, 
a simple method that lequues onl) fiom 1 to 2 cc of blood plasma, and 
that can be repeated throughout the course of the disease 

2 Ten cases of acute diffuse paicnch}matous damage of the livei 
hat c been studied The cholesteiol ester -values in the blood plasma weie 
found to be diminished oi entnely absent, conesponding* with the 
severity of the diseased piocess With the impiovement in the condi- 
tion the estei -values lose to then absolute and lelative normal piopoi- 
tions This piogicss as lcvcaled b\ the estei values paralleled in laige 
measuie the gcneial condition of the patient and the other liver function 
tests 

3 In foui cases of atioplnc cmhosis of the livei, with its slow 
evolution, slight damage and ample regenciation, the cholesteiol par- 
tition tvas noimal 

4 The ester values seem to oflei some means of diagnosing paien- 
chymalous damage of the livei and, when lepeated dui mg the comse 
of the disease, some piognostic significance 



POLYCYTHEMIA VERA AND CHRONIC 
PULMONARY DISEASE 15 
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Webei 1 divided cases ot polycythemia into three groups (1) 
relative polycythemia due simply to concentration of the blood, (2) 
secondaiy polycythemia due to high altitude, cardiopulmonary disease, 
blood stasis m other oigans or toxemia, such as poisoning by phos- 
phorus and infectious diseases and (3) true erythremia due to primary 
idiopathic excessive erythroblastic activity m the bone marrow 

Polycythemia vera (erythremia, Vaquez’ disease or Osier’s disease) 
has been defined as a “morbid condition, charactenzed by a well marked, 
persistent relative and absolute polycythemia, due to an excessive 
erythroblastic activity of the bone marrow which appears to be the 
primary^ morbid factor ” As to the agent or mechanism responsible for 
this disturbed function of the bone marrow, there is only speculation 
Osier suggested that eventually all types of polycythemia would be 
found to be secondary Even if this proves to be correct, it may be 
assumed that the polycythemia in some cases constitutes a simple 
response to increased demand on the blood for oxygen-cai rying power 
and is therefore beneficial, and that in other cases it progresses to the 
point of causing symptoms and even menacing the patient’s life through 
the extensive changes m the character and volume of the blood 
Harrop 2 advanced the suggestion that if there is an abnormal stimulus 
which provokes the bone marrow to excessive erythroblastic activity, 
there may be a tremendous variation m the individual responses , and 
that if an unbalanced proliferation has once been started, it may become 
impossible to restore the normal mechanism, m some cases at least, even 
if the original stimulus is removed 

The work on the volume of the blood, paiticularly that done by the 
use of dyes — vital red as used by Iveith, Rowntree and Geiaghty, 3 and 

* Submitted for publication Julj 15, 1930 

* From the division of medicine, the Mayo Clinic, Rochester, Minn 
With the technical assistance of Grace M Roth 

1 Weber, P F Polj cvthaeima Er> throcytosis and Erythraemia (Vaquez- 
Osler Disease), New York, Paul B Hoeber, Inc 1922, pp 144 

2 Harrop, G A, Jr Pol> cythenua, Medicine 7 291 (Aug) 1928 

3 Keith, N M , Rovntree L G, and Geraghty, J T A Method for the 
Determination of Plasma and Blood Volume Arch Int Med 16 547 (Oct ) 
1915 
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Congo led as used by Harris, 4 5 6 Griesbach, 0 and Rowntree and Brown 0 — 
has introduced a new method of approach in the diagnosis of polycy- 
themia Brown and Giffin, 7 and Rowntree and Biown found striking 
mci eases m the volume of the blood by this method in cases of poly- 
cythemia Lemon 8 recently reported studies of the volume of the 
blood by the same method m twelve cases of chronic bronchitis and 
emphj sema associated with significant grades of cyanosis Further 
evidence of anoxemia was indicated by the saturation of oxygen in the 
artenal blood in seven of these cases, it varied between 83 and 93 
per cent, definitely below noimal The lowest values for volume blood m 
the group of polyc} themia weie 117 cc foi each kilogram of body 
v eight and 4,300 cc foi each squaie meter of body surface, whereas 
the highest values in the gioup of clnonic pulmonaiy disease were 103 

T\mr 1 — -Summaty of Statistics of Blood Volume Obtained by the Use of 

Congo Red 


Blood Volume, Blood Volume, 

Cc for Ench Kg of Cc for Bach Sq M of 
Body Weight Body Surface 

A ' , ’ 


Authors 

Diagnosis 

Cases 

Mean 

A 

High 

Lou 

/ 

Mean 

High 

Lou 

Down tree and Broun 

Normal subjects 

74 

S7 7 

107 

GG 

3,278 

4,030 

2,085 

Brown and Giflln 

Foljcj themia icrn 

14 

1GG0 

209 

117 

3.S50 

7,G30 

4,300 

Kovntrce and Broun 

Poijcj themia ycra 

50 

107 0 

2iG 

121 

0,036 

8,GG0 

4,540 

I oinoii 

Chronic pulmonary 
disease with cyanosis 

12 

01 5 

103 

S2 

3.3G7 

3,700 

2,950 


cc foi each kilogiam of body weight and 3,700 cc for each square 
meter of body surface, which aic within normal limits (table 1) 
Lemon’s twelve cases piovidcd strong evidence that chronic anoxemia 
of the artenal blood due to pulmonary disease does not pioduce a 
significant mciease in the volume of the blood He also mentioned two 
cases in \\ Inch the volume was high , in these cases there were 
splenomegaly, clnonic pulmonaiy disease and cyanosis He consideied 
that these were cases of polycythemia vera with associated pulmonaiy 
disease 

4 Harris, quoted by Rountree and Brown (footnote 3) 

5 Griesbach, W Ein klmisch brauchbare Methode der Blutmengenbestimm- 
ung, Deutsche med Wchnschr 47 1289 (Oct 27) 1921 

6 Rowntree, L G , and Brown, G E The Volume of the Blood and Plasma 
in Health and Disease, Philadelphia, W B Saunders Company, 1929, p 209 

7 Brown, G E , and Giffin, H Z Studies of the Vascular Changes in Cases 
of Polycythemia Veia, Am J M Sc 171 157 (Feb ) 1926 

8 Lemon, W S A Study of the Effect of Chronic Pulmonary Diseases on 
the Volume and Composition of the Blood, Ann Int Med 3 430 (Nov ) 1929 
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It is my object in this papei to report four cases in which there 
were definite polycythemia and pulmonary disease and to consider them 
from the standpoints of diagnosis, pathogenesis and lesults of treatment 
by destruction of blood 

REPORT Or CASES 

Case 1 — A Chinese cook, aged 40, from Deadwood, S D , came to the clinic 
on April 9, 1928, complaining of increasing dyspnea and exhaustion on exertion, 
of three years’ duration, which gradually became so severe that he could walk 
no more than four blocks without resting He had been subj ect to frequent attacks 
of respiratory infection with short attacks of cough, asthma and dyspnea during 
most of his life He had had a swelling of the ankles for one year, and this had 
increased until it involved the entire lower extremities, the lower portion of the 
abdomen and the back 

General examination disclosed cyanosis, which w'as detectable in spite of the 
patient’s naturally dark skin, generalized edema of moderate degree and a slight 
enlargement of the liver and the spleen There was enlargement of the heart 
to the right and left with distant heart tones and a soft systolic murmur at the 
apex There were scattered moist rales at the base of both lungs The blood 
pressure was 110 systolic and 70 diastolic in millimeters of mercury The first 
Wassermann test of the blood gave a weak positive reaction but five subsequent 
tests gave negative reactions, one Wassermann test of the spinal fluid was 
negative Analysis of the blood showed the concentration of the hemoglobin at 
19 Gm per hundred cubic centimeters, 5,290,000 erythrocytes and 4,200 leukocvtes 
in each cubic millimeter of blood Fluoroscopic and stereoscopic roentgenograpluc 
examinations of the thorax gave negative results The electrocardiogram showed 
evidence of right ventricular preponderance, and there ivere inverted T weaves in 
all three derivations The hematocrit reading showed 70 per cent cell and 174 cc 
of blood for each kilogram of body weight At this time the patient was treated 
with digitalis and theophylline-ethylene diamine, and he gradually improved in a 
month He became free from edema, w 7 as much less dvspneic and was able to 
u r alk a mile without shortness of breath The cyanosis, how-ever, persisted 

The patient returned to the clinic on October 1, after changing his residence 
to Salida, Colo (altitude 7,000 feet [2,000 meters]) He stated that the dyspnea 
had returned six weeks previously, followed by a cough and edema as before 
Examination revealed marked cyanosis, marked dyspnea and dilated conjunctival 
veins The heart w T as definitely enlarged, especially to the right There was a 
systolic murmur at the apex and in the pulmonic area The heart tones were 
somewhat muffled The thorax was emphysematous with poor expansion Harsh 
breath sounds were heard over the upper part of the thorax, and many coarse 
rales w^ere heard over the base of both of the lungs The edge of the liver w’as 
3 cm below the right costal margin, and the spleen was not palpable There w r as 
slight but definite edema of the lower part of the legs The blood pressure was 
100 systolic and 60 diastolic The Wassermann reaction of the blood was again 
negative The electrocardiogram gave evidence of a right ventricular preponder- 
ance, and there were inverted T-w r a\es in derivations II and III 

The patient u'as treated with ammonium nitrate and theophylline-ethylene 
diamine, and was given 0 5 cc of salyrgan intravenously, after uduch there was 
marked diuresis and disappearance of the edema The respiratory symptoms and 
cyanosis persisted He was then given 0 1 Gm of phenylhydrazine three 
times a day until a total of 2 8 Gm had been given The decrease in the number 
of erythrocytes and the volume of blood and the relief from respiratory symptoms 
were striking, as shown in table 2 
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Comment — The pathogenesis in this case is not entirely clear The 
histoiy was one of chionic lecunent lespiratoiy disease culminating m 
caidiac decompensation The observations were those of failure of the 
right side of the heait and advanced pulmonary disease with marked 
cyanosis and polyc)themia out of all pioportion to what one might expect 
as a compensatoi v phenomenon This clinical picture was similar to that 
descnbed as Ayeiza’s disease Theie is much disagreement m the liter- 
atuie legaidmg the exact definition of this condition Arnllaga 0 
expressed the belief that sy philitic artentis with occlusion of the pul- 
monaiy aitenoles is the essential lesion, but that chronic bronchitis 
might piecede this piocess foi a number of yeais Cheney 10 expressed 
the belief that pnmaiy chionic bionchitis followed by superimposed 
s}phihtic pulmonaiy aitcntis pioduced the clinical picture Recently, 

Table 2 — Data tn Case 1 
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the influence of sjphihs has been questioned, and cases have been 
lepoiled m which theie was no evidence of syphilis Moschcowitz 11 
consideicd such a clinical syndiomc as best called hypertension of the 
pulmonaiy cnculation and expiessed the belief that the bronchitis is 
usually pnmaiy and the vascular disease secondaiy to this hypei tension 
It is difficult, if not impossible, to make a definite diagnosis of Ayerza’s 
disease dui mg life Polycythemia in these cases, as evidenced by a high 
erythiocyle count, is consideicd a cardinal symptom, but data con- 
cerning blood volume m proved cases of Ayerza’s disease aie lacking 
In case 1, theie is evidence of hypei tension of the pulmonaiy circulation 

9 Arnllaga, F C La Arteritis Pulmonar y su Cuadro Cllmco, Buenos 
Aires, 1925 

10 Cheney, Garnett Aycrza’s Disease, Am J M Sc 174 34 (July) 1927 

11 Moschcowitz, Eli Hypertension of the Pulmonary Circulation, Its Causes, 
Dynamics, and Relation to Other Circulatory States, Am J M Sc 174 388 
(Sept) 1927 
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but it is not possible to rule in or out the presence of organic pathologic 
changes in the pulmonaiy arteries, hence I hesitate to use the term 
Ayerza’s disease In any event, the polycythemia was extieme as evi- 
denced by the blood volume, hematocrit readings and viscosity, it was 
felt that this constituted a menace to an already weakened heart and 
embarrassed pulmonaiy circulation It would seem that this conception 
was justified by the response to treatment by phenylhydrazine I 
believe that the case should be considered one of polycythemia vera 
because of the high blood volume, although the question of chronic 
pulmonary disease with anoxemia as the original stimulus to the bone 
marrow cannot be excluded 


Tablf 3 — Data in Case 2 
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Case 2 — A. Swedish laborer, a resident of Denver (altitude 5,200 feet [1,500 
meters]), came to the Mayo Clinic on June 24, 1929, complaining of dyspnea and 
asthma He had noticed blueness of the hands and the face for seven years, and 
during that time he had had occasional attacks of dy r spnea and tightness in the 
thorax Three years previously he had pneumonia followed by r recurrent 
asthmatic and dyspneic attacks with a productive cough These had gradually 
increased in frequency and severity Ten months prior to his visit to the clinic 
he consulted a physician because of headaches and redness and soreness of the 
eyes Hematuria was found at that time Venesection was done several times, 
which resulted in weakness but temporary relief from the thoracic symptoms He 
lost 25 pounds (113 Kg) in weight in ten months and had not -worked during 
that time 

General examination disclosed marked cyanosis of the entire body, particularly 
of the face and the hands, with deep purplish-red lips and oral mucosa The con- 
junctnal veins were engorged The large superficial veins all over the body 
were prominent The patient was very dyspneic even while at rest with wheezing 
asthmatic respiration The thorax was emphysematous with poor expansion and 
hyperresonance Expiratory musical rales were heard throughout the lungs The 
heart was slightly enlarged, and the radial arteries were definitely sclerosed on 
palpation The spleen was not palpable The blood pressure w^as 120 systolic and 
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85 diastolic The urine contained albumin, giade 2, and erythrocytes, giade 3 
Roentgenographic examination of the kidneys gave negative results Roentgeno- 
graphic examination of the thorax gave evidence of marked fibrosis of both lungs 
with localized bronduectasis of the left lowei lobe The electrocardiogram 
indicated the piescnec of a right rcntiiculai preponderance and a slightly delayed 
conduction time 

The patient w as given two courses of phenylhydrazme hydrochloride, 0 1 Gra 
three times a ckn, with a period of rest of two weeks between courses The 
first course totaled 1 Gin and the second 1 6 Gm Although the reduction in 
blood was not striking, the symptomatic relief vxas definite Rest may have played 
some part m the lattei, since the patient w'as kept in bed during the first course 
of phemlh\dra7ine The results are given in table 3 


Table 4 — Data in Casi 3 
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Comment — It the histoiy is leliable m this case, poljcjthemia pre- 
ceded the bionchitis and asthma I considci this case one of polyc)- 
lliemia veia in which the pulmonan condition w r as eithei an uni elated 
complication oi sccondan to stasis of the pulmonaiy cuculation There- 
foie the patient was tiealed by destiuction of blood, cautiousl) at Inst 
because of asthma and laidiat embai i assment 

Casi 3 — A coil miner, aged 49, of Snperioi, Wyo (altitude 6,500 feet [1,900 
metus]), came to the Mayo Clinic on No\ 26, 1929, complaining of swelling 
of the legs, \ancosc reins and an ulcer of the lower pait of the right leg His 
fathei had died of “miner’s asthma ” The patient’s coloi had been dusky for at 
least eleven years, it had been much worse during frequent respnatory infections, 
in 1918, 1927 and 1928 he had had pneumonia, during which he had been “as 
black as a Negro’’ He had model ate dyspnea on exertion since the first attack 
of pneumonia He had known of the varicose veins m both of the legs foi at 
least ten years, and there had been pigmentation of the lowei part of the legs 
for at least six years After the pmumonia m 1928, lie had phlebitis of both 
legs, with considerable pain and edema, and since that time Ins legs had become 
considerably swollen at the cud of the da\ A spontaneous ulcer developed abore 
the right internal malleolus m the month prior to admission 
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The color of the face and body was ruddy and cyanotic, and there was 
purplish cyanosis, grade 3, of the lips The conjunctival veins were dilated and 
all the larger superficial veins of the body were prominent There were varicose 
veins, grade 3, of the right leg and grade 2 of the left leg with much pigmentation 
over the lower part of both of the legs There was edema, grade 2, just above 
both of the ankles and a clean, granulating ulcer, 2 cm in diameter, just above 
the right internal malleolus Examination of the heart, the lungs and the abdomen 
gave negative information The spleen was not palpable Roentgenographic 
examination of the thorax gave evidence of diffuse fibrosis of the lover half of 
both of the lungs, apparently pneumonoconiosis The electrocardiogram indicated 
the presence of right ventricular preponderance, but otherwise the evidence was 
negative The patient was given 2 7 Gm of phenylhydrazine over a period of nine 
days A marked decrease m the erythrocyte count and m the blood volume 
resulted with improvement in the condition of the leg and disappearance of the 
cyanosis, as shown in table 4 


Tabli 5 — Data m Case 4 
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Comment — The question as to whether the polycythemia or the 
respiratory disease was the first episode m this case cannot be answered 
It would seem that cyanosis was first definitely noticed at the time of the 
first attack of pneumonia In any event, the polycythemia was out of all 
proportion to what one might expect fiom the pulmonary disease The 
question was raised as to whether this patient’s blood should be reduced 
at all, since he had so few symptoms, but the high blood volume as an 
added factor in producing increased venous pressure and edema in the 
legs seemed to justify this method of treatment 

Case 4 — A Russian farmer from Kamsack, Saskatchewan (altitude 2,000 
feet [600 meters]), aged 43, registered at the Mayo Clinic on Dec 23, 1929, with 
the complaint of dyspnea and headaches His face had been dusky red for at 
least three years, and he had had a chronic cough for three years with paroxysms 
at night For one year there had been increasing dyspnea on exertion and attacks 
of nocturnal dyspnea and orthopnea with the coughing spells Occasionally he 
had attacks of substernal pam radiating into both sides of the thorax after 
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exertion, and these were relieved by lest For six months he had had pain in 
\ arious parts of the head, especially after exertion and in hot weather 

The patient was large and obese with ruddy cyanosis of the face and the hands 
There was marked telangiectasis of the checks The veins of the conjunctiva were 
dilated and the lips and oral mucosa were a deep, bluish red The thorax was 
thick in the anteroposterior diameter, with poor expansion, hyperresonance, distant 
breath sounds, prolonged expiration and many dry musical and coarse moist 
rales Examination of the heart gave negative information The abdomen was 
obese, and the spleen was barely palpable There was sclerosis, grade 1, of the 
radial ai tones The veins of the ocular fundi weie dilated A roentgenogram 
gave evidence of considerable fibrosis of both lungs 

The patient was gncn 21 Gin of phenylhydrazine over a period of one week 
Sjmptomatic impro\emcnt was obsened after the first three days of the treat- 
ment and was continued during the entire period of observation The results 
are gnen m table 5 

Comment — In this case, with blood volume of only 105 cc for each 
kilogiam of bod} weight, the diagnosis of polycythemia veia may be 
questioned since this figuie is within the noimal limits and only 2 cc 
highei than the highest figure m Lemon’s series (table 1) Howevei, 
the patient was definitely obese, and therefoie the volume for each square 
mctei of bod} suiface is much moie accuiate foi compaiative pui poses, 
as show r n b} Rowntiee and Biowm in their table of noimal blood volume 
The blood -volume foi each squaie metei of body suiface, in this case, 
was 4,655 cc and would fall definitely into the gioup of polycythemia 
veia The i espouse to treatment by phenylhydiazme was good fiom 
both the symptomatic and objective standpoints 

COMMENT 

Cases m which both polycythemia and chiomc pulmonaiy disease aie 
present may be consideied in foui gioups m legard to the relative 
pathogenesis In gioup 1 aie cases of primal y pulmonaiy disease with 
compcnsatoiy polycythemia Such a condition apparently was piesent in 
a numbei of Lemon’s cases in which the concenti ation of hemoglobin, 
the numbei of ciythrocytes and the percentage of cells as determined 
by the hematocnt weie all high Iiowevei, the blood volume in these 
cases w r as w'ltlun noimal limits, and until additional data are piesen ted, 
I shall believe that high blood volume is not pioduced as a compensatory 
phenomenon and, if piesent, lepiesents eithei ovei compensation or an 
independent condition 

In gioup 2 are cases of pumaiy pulmonaiy disease initiating 
polyc} thenna which pi ogi esses beyond the point of a compensatory 
i esponse to pi oduce s} mptoms and to become a menace m itself In such 
cases the blood volume may be high As Han op has said, only certain 
pei sons might be capable of such a l esponse of the bone mairow 
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In group 3 are cases of polycythemia vera with complicating but 
unassociated pulmonary disease Heie it might be assumed that the 
condition in the lung had no influence on the blood, or again, that it 
might be enough of an added factor to convert an alieady existent mild 
polycythemia vera into a severe polycythemia vera 

In group 4 are cases of polycythemia vera causing or piedisposmg 
to pulmonary disease Harrop stated that dyspnea on exertion is fre- 
quently observed in polycythemia veia even m the absence of cardiac 
oi pulmonaiy disease, that reduced vital capacity and pulmonary conges- 
tion are not uncommon and that many of these patients acquire respira- 
tory infection easily It is also possible that a vicious circle might be 
set up, each of the conditions tending to aggravate the othei 

In a case m which chronic pulmonary disease and elevation of 
the hemoglobin and eiythrocyte count are present, the most impoitant 
consideration would seem to be whethei the polycythemia was compen- 
satory, and therefore beneficial and to be left alone, oi whether it was 
excessive, productive of symptoms or of danger to the patient and 
therefoie to be treated The height of the blood volume appears to be 
a definite way of determining into which gioup the case falls, thereby 
separating the cases in group 1 fiom those m gioups 2, 3 and 4 

There were certain noteworthy features in the four cases piesented 
An enlarged spleen was not an outstanding obseivation In case 1, 
there was slight but definite enlargement In cases 2 and 3, the spleen 
was not felt In case 4, enlaigement was questionable In most cases 
of uncomplicated polycythemia vera the spleen is definitely enlarged 
The influence of the occupation of the patient on the pulmonary disease 
is woithy of consideration since two of the men had been mmeis and 
the third had worked as a cook in a mining camp Fuithermoie, theie 
is the question of the influence of altitude The patients m the fiist 
tlnee cases lived at definitely high altitudes, and the patient m the 
fourth case lived at a model ately high altitude 

The method used for destruction of the blood, namely, the adminis- 
tration of phenylhydrazme hydrochloi ide, was first described by 
Eppmger and Kloss, 12 m 1918, m Geimany, and by Owen 13 in 1924, m 
the United States Brown and Giffin, 11 m 1926, leported successful 


12 Eppmger, H , and Kloss, K Zur Therapie der Polysythamie, Therap 
Monatschr 32 322, 1918 

13 Owen, Trevor A Case of Polycythaenna Vera with Special Reference to 
the Familial Features and Treatment with Phen)lhydrazine, Bull Johns Hopkins 
Hosp 35 258 (Aug ) 1924 

14 Broum, G E, and Giffin, H Z The Treatment of Polycjthemia Vera 
(Erjthremia) with Phen\lhydrazine Arch Int Med 38 321 (Sept) 1926 
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treatment with phenylhydrazine in seven cases of polycythemia veia 
Giffin, 15 m commenting- on the treatment of polycythemia veia, con- 
sideied it the most satisfactoiy form of treatment foi patients aged 
less than 60 years m whom the condition is not fai advanced and who 
can be treated as ambulatoiy patients It is lecognized that the diug is 
potent and that it should be used with caution Accidents during its 
administration have been described by Giffin and Connei 1G In the 
cases lepoited hcie, untoward lesults weie not seen 

The iclief of lespnatoiy symptoms, as well as those solely due to the 
poh C} themia, was definite in all the cases and w'ould tend to show that 
pulmonary congestion fiom the polycythemia w r as a definite added load 
to the chiomc pulmonaiy disease 

SUMMARY 

Four cases of polycythemia and chronic pulmonaiy disease with 
blood \olume compaiable to that seen in poljc) themia veia aie repoited 
Treatment in these cases was by the admmistiation of phenvlhydrazme 
hjdiochlonde, theie was a definite i eduction in the blood volume with 
clinical subjectne and objective unpiovement Because of the high 
blood \olume and a good 1 espouse to tieatment by destruction of blood 
these cases aie best consideicd as poljcythemia veia with associated or 
complicating pulmonaiy disease 

35 Giffin, H Z The Treatment of Pohcythenua Vera (Erythremia) in 
Billings and rorscheiinu Sjstcm of Therapeutics (suppl ), New York, D 
Appleton & Compnm, 1929, p 461 

16 Gifhn, H Z and Conner, I-I M 1 he Untoward Effects of Treatment by 
Phem llndrazmc H\drochloi ide JAMA 92 1505 (Mav 4) 1929 
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It is apparent from the results leported m previous papers of this 
senes , 1 that the hepatic functions of urea formation and deaminization 
are considerably deranged m the terminal stages of yellow fever These 
derangements are not apparent earlier m the course of the disease and 
do not occur m animals that eventually recover 

The liver also plays an important part m carbohydrate metabolism, 
serving as a reservoir for glycogen and regulating the concentration of 
blood sugar Its significance in this respect is evidenced in the inability 
of dehepatized animals to maintain blood sugai at normal levels, with 
the consequent development of hypoglycemic shock Other experimental 
procedures, such as the exclusion of the blood supply to the liver or 
the administration of hepatic poisons, have almost invariably resulted 
m teimmal hypoglycemia Since the liver suffers extensively from the 
yellow fever virus, one would expect changes in the blood sugar and 
glycogen content of the liver as a result of the hepatic lesions The 
experiments reported in the following pages were performed to find 
out whether such was the case 


METHODS 

Methods of taking blood samples and handling monkeys have been described 
in a previous report 2 The blood sugar determinations were made either by 
Benedict’s method, 3 or, m the case of simultaneous arterial and venous blood 
sugars, by a micromodification described by Friedenson and others 4 

' Submitted for publication, July 15, 1930 

* The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation 

1 Wakeman, A M , and Morrell, C A Chemistry and Metabolism in 
Experimental Yellow Fever in Macacus Rhesus Monkeys I Concentration of 
Nonprotein Nitrogenous Constituents in the Blood, Arch Int Med 46 290 ( Aug ) 
1930, II Nitrogen Metabolism, ibid 46 382 (Sept) 1930 

2 Wakeman and Morrell (footnote 1, first reference) 

3 Benedict, SR J Biol Chem 68 759, 1926 

4 Friedenson, M , Rosenbaum M K Thalheimer, E J , and Peters, J P 
J Biol Chem 80 269, 1928 
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To obtain simultaneous arteiial and venous blood samples, the following" technic 
vas resorted to Animals weie either anesthetized with iso-amylethylbarbiturate 
gnen intraperitoneally, or by an injection of para-annnobenzoyl-ethylphthalamate 
at the site of the proposed incision over the femoial vessels An incision about 
2 inches (5 cm) long was then made in the skin, and the femoral artery and 
\ cm were exposed Small gage needles attached to 2 cc syringes were then inserted 
into the vessels simultaneously, pointing m the opposite direction to the blood 
current In the case of arterial blood, the pressure fiom the vessel itself was 
usually sufficient to push out the plungei About 0 5 cc of blood was collected 
from the artery and vein and transfctied immediately to clean, dry, small-bore 
test tubes of about 5 cc capacity, 0 2 cc of this blood was at once transferred 
into the measured sulphunc acid, and the sugar determination was carried out 
in the regular manrtei 

Slight pressuie on a gauze pad applied over the incision before removal of 
the needles prevented any appreciable loss of blood until the punctures in the 
■vessels had closed 

The bromsulphalem In cr function tests were performed according to the method 
ot Rosenthal 5 6 Glj cogen m the liver was determined by Pfluger’s method c 

BLOOD SUGAR 

The data lecoided in cliail 1 represent m eveiy case fasting values, 
since care was taken to remove all food fiom the cages and not to feed 
the animals for at least fifteen horns befoie blood was drawn for 
anal} sis 

For pui poses of companson, the chaits have been divided into five 
gioups, namely, those obtained (1) fiom noimal monkeys, (2) from 
monke)S cxpciimentally infected with yellow fevei at a period more 
than twenty-foui hours befoie death, (3) fiom ten to twenty-foui hours 
befoie death, (4) fiom fifteen minutes to ten houis before death, and 
(5) at death oi not moie than five minutes post mortem 

For the laige vanations between the maximum and minimum values 
m the first tlnee gioups there is no explanation, unless they can be 
ascribed to difteiences m the leaction of the individual monkeys to 
handling Some of them lesisted vigoiously when the blood was diawn, 
while otheis icmamed passive It seems unlikely that the wide normal 
range of the blood sugar dui mg fasting lepiesents a species peculiarity 
The blood sugar falls consistently thiough the five groups from a normal 
average of 81 mg per hundred cubic centuneteis to 22 mg m those 
taken at death 

The blood sugar of a number of individual fasting monkeys was 
detei mined at definite mteivals duiing the course of the disease The 
accompanying table lepiesents the lesults obtained fiom some of these 

5 Rosenthal, S M, and White, E C Clinical Application of the Brom- 
sulphalem Test for Hepatic Function, J A M A 84 1112 (April 11) 1925 

6 Pfluger, E Arch f d ges Physiol 119 119, 1907 
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Chart 1 — Blood sugar values during fasting during the course of fatal yellow 
fever in monkeys Group 1, normal monkeys, group 2, monkeys more than twenty - 
four hours before death, group 3, monkeys from twenty-four to ten hours before 
death, group 4, monkeys from ten to fifteen minutes before death, group S, mon- 
keys at time of death or within five minutes after death 
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cases A. numbei of long' penods of very low blood sugar were 
obseived M ihesus R1 showed a drop from 123 to 46 mg per hundred 
cubic centimetei s between forty-eight and thirty-nine and one half horns 
befoie death The increase to 58 mg twenty-one hours later is 
unaccountable It should be pointed out that values as low as 44 mg 

Changes in the Blood Sugai Dining the Com sc of Yellow Fcvci 


Monlv( \ 

Dnjs After 

Number of Hours 

Blood Sugar, 

Infection 

Before Death 

Mg per Cent 

Rl 

3 

48 hours 0 minutes 

123 


4 

39 hours 30 minutes 

4G 


5 

18 hours 30 minutes 

58 


C 

At death 

25 

R 1 

o 

29 hours 0 minutes 

95 


3 

12 hours 30 minutes 

49 


3 

7 hours 30 minutes 

43 

Rll 

4 

41 hours 30 minutes 

77 


3 

IS hours 30 minutes 

37 


5 

12 hours 43 minutes 

44 

R l") 

3 

8 hours 0 minutes 

31 


3 

4 hours 0 minutes 

29 


3 

2 hours 45 minutes 

30 


3 

1 hour 0 minutes 

28 


3 

At death 

27 

RIG 

1 

33 hours 0 minutes 

G2 


2 

2S hours 30 minutes 

68 


o 

9 hours 0 minutes 

34 


> 

4 hours 30 minutes 

30 


3 

3 hours 0 minutes 

50 


o 

u 

At death 

25 

Rl’ 

o 

9 hours 0 minutes 

34 

O 

3 hours 0 minutes 

25 


o 

At death 

18 

R 2 

7 

50 hours 43 minutes 

47 

7 

42 hours 45 minutes 

37 


S 

15 hours 45 minutes 

24 

R 17 

2 

GO hours 15 minutes 

111 

o 

52 hours 13 minutes 

75 


3 

36 hours 15 minutes 

98 


4 

12 hours 15 minutes 

50 


4 

At death 

19 

R IS 

2 

20 hours 50 minutes 

120 

o 

o 

17 hours 20 minutes 

04 


o 

o 

2 hours 0 minutes 

32 


weie obseived m noimal fasting monkeys Neveitheless, a drop fiom 
123 to 46 mg was ne\ei obseived m the blood of normal monkeys 
M rhesus R2 had a blood sugai of 47 mg pei hundred cubic centimeters 
more than fifty houis ante moitem The figures given m the table 
deal ly indicate that ten houis befoie death the blood sugar almost 
invariably reaches hypoglycemic levels A large number of isolated 
instances of hypoglycemia at earliei penods weie found For example, 
the blood sugar of M rhesus R3 was 34 mg twenty and one-half hours 
befoie death and that of M iliesus R4, 23 mg twenty-one hours 

befoie death 
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The lowest blood sugar obtained was 14 mg per hundred cubic 
centimeters, found m a monkey at death Usually, although not 
invariably, when the blood sugar fell below 30 mg the animal was 
prostrate 

While the blood sugar of monkeys with yellow fever was low during 
fasting, that of similar monkeys which had been fed shortly before the 
blood was taken, occasionally showed veiy high concentrations of sugar 
M i hesus R5, while moribund, had a blood sugar of 195 mg per hun- 
dred cubic centimeters Autopsy revealed quantities of food in the 
stomach, presumably from a meal taken eight hours previously Blood 
taken from M i hesus R6, two hours before death and five hours after 
a meal, contained 286 mg of sugar 

Prolonged periods of low blood sugar failed to produce symptoms 
of hypoglycemic shock, although many of the monkeys became prostrate 
A large proportion of them, although lying down when fiist seen, would 
protest vigorously while being handled Intiavenous injection of dex- 
trose during this stage of the disease did not perceptibly mipiove the 
condition of the animal An attempt was made to produce insulin 
shock m monkeys Four normal monkeys were used for this purpose 
The results of one experiment are given in chart 2 A few minutes 
after blood from the fasting animal had been obtained for analysis, 5 
units of U20 Burroughs and Wellcome’s insulin were injected into the 
right gastrocnemius muscle Blood samples were taken at intervals and 
a careful record of the monkey’s appeal ance was made Although the 
blood sugar remained below 41 mg per hundied cubic centimeters for at 
least six hours, and i eached a minimum of 23 mg , the animal showed no 
signs of a hypoglycemic leaction Two of the other monkeys in this 
series of experiments showed no reaction, although the blood sugar 
ranged from 53 to 34 mg for two hours The fourth animal appeared 
weak one hour after the intramuscular injection of 30 units of insulin 
when the blood sugar was 21 mg Twenty minutes later the animal was 
lying down, but was able to rise if distuibed There was definite 
twitching of the arms and legs At this time, the blood sugar was found 
to be 17 mg per hundred cubic centimeters After an intravenous 
injection of 1 5 Gm of dextrose, the monkey recovered m fifteen 
seconds, sat up, defecated, urinated and greedily ate two bananas 
Maddoclc and Tumble 7 found that the blood sugar of dogs or of 
human beings may remain at levels of 50 mg per hundred cubic centi- 
meters or lower for from one to six hours without symptoms, and that 
such a period may or may not be followed by a hypoglycemic reaction 


7 Maddock, S J , and Trimble, H C Prolonged Insulin Hypoglycemia 
Without Symptoms, J A M A 91 616 (Sept 1) 1928 
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Chart 2— The upper chart shows the influence of insulin on the blood sugar 
of a normal monkey The two lowei charts illustrate the effects of epinephrine 
on the blood sugar of monkeys in the terminal, hypoglycemic stage of yellow 
fever 1 he middle chart represents the effects of epinephrine given without food , 
the lowest chart, the effects of epineplu me given after the intravenous injection of 
dextrose 
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In the case of monkeys such behavior was the rule An unsuccessful 
attempt was made to determine the amount of nondextrose-i educing 
substances represented in these low blood sugar values The only 
source of yeast available was a batch of bread dough, rich in yeast, 
containing laige amounts of reducing substances which it was not 
possible to remove, even after twelve washings with distilled water 
Cultivation of a puie yeast stiam was attempted without success 

LIVER GLYCOGEN 

Staining methods have failed to reveal any glycogen in livers of 
victims of yellow fever after death Confirmation of these results 
employing purely chemical methods was desirable Three monkeys 
were used for this purpose 

Experiment 1 — From M i hestts R 7, 24 Gm of liver was removed two minutes 
after the animal had died of yellow fever The liver was cut into moder- 
ately small pieces with the scissors and dropped into 25 cc of boiling 60 per 
cent potassium hydroxide solution Glycogen was determined according to Pflu- 
ger’s 6 procedure Approximately 10 mg of glycogen per hundred grams of liver 
tissue was found The heart blood taken simultaneously with the removal of the 
liver tissue contained 16 mg per cent of “sugar ” 

Experiment 2 — M ihesus R8 was bled from the heart while m a moribund 
condition after one day of fever and one day of subnormal temperature, and 
26 Gm of liver was at once transferred to an equal quantity of the hot potassium 
hydroxide solution The liver contained 23 mg of glycogen per hundred grams 
of liver, while the blood sugar was 15 mg per hundred cubic centimeters 

Experiment 3 — M ihesus R9 was killed after two days of fever, when 
obviously ill but still alive Fourteen grams of liver tissue was used for analysis 
The blood sugar was 19 mg per hundred cubic centimeters, and the liver contained 
124 mg of glycogen per hundred grams of tissue 

While it is probable that these monkej s had not eaten for from 
seven to eighteen horns previously, 2 nevei theless, fiom 10 to 124 mg 
of hepatic glycogen per hundred cubic centimeteis is considerably less 
than would be expected in normal animals deprived of food for a 
similar period 8 

The dependence of epinephrine hyperglycemia on the liver glycogen 
has been demonstrated by Mann 9 and Markowitz Mann observed 
that injections of epinephrine had no effect on the blood sugar of 
dehepatized dogs, while Markowitz found that subcutaneous injections 
of epinephrine did not raise the blood sugar of rabbits the livers of which 
had been rendered glycogen-free by starvation, cold and strychnine 
There was a characteristic delay m the appearance of epinephrine 


8 Markowitz, J Am J Physiol 74 22, 1925 

9 Mann F C Medicine 6 419, 1927 
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h} perglycenna m animals the liveis of which contained small amounts of 
glycogen In the latter animals the resulting hyperglycemia was more 
01 less proportional to the amount of glycogen left m the liver 

Seveial experiments were pei formed to determine the effect of 
epinephnne on the blood sugar of monkeys ill with yellow fevei Two 
typical experiments will be descnbed 

Experiment 4 — M )hcsits RIO, a female, weighing 3 88 Kg, had been 
fed on the regular animal house diet It was inoculated on December 10, it 
showed a fever on December 12 and a subnormal temperature on the morning of 
December 13 The animal w'as used on December 10 and 12 for tests of the liver 
function and dextrose tolerance tests At 11 00 a m on December 13, the 

monkey w r as lying down and appeared to be moribund Blood samples were 

obtained from the femoral arteiy before and after the injection of epinephrine 
The results are recoided in chart 2 

About forty-five seconds after tlie intravenous injection of 0 3 cc of epinephrine 
solution, the animal became brighter and moved about slightly This condition 
lasted for two minutes and w'as followed bj' a return to unconsciousness which 
persisted until death A bromsulphalein liver function test made on this monkey 
one horn before death showed 100 per cent retention of the dye after sixty minutes 

Explkimlnt S — M i hcsu \ Rll, a medium-sized male weighing 21 Kg, 
nad also been fed the regular animal house diet It was inoculated on Decem- 
ber 7 and showed fever on December 9, 10, 13, 14 and 15 It had been used on 

December 12 for a test of the sugar tolerance On the morning of December 15, 
the monkey w'as quite w'eak but w'as still sitting up At 9 15 a m 1 Gm of 
dextrose per kilogram of body weight was injected intravenously, arterial blood 
samples were taken at intervals and epinephrine was injected 

The results of the experiment are presented in chart 2 An injection of brom- 
sulphalein w'as given simultaneously w'lth the injection of dextrose One and 
three-fourth hours later, the dye retention was 100 per cent 

It is evident that epinephrine causes less hyperglycemia m monkey s 
•with advanced yellow fevei than m normal monkeys 

COMMENT 

Of the changes that mvaiiably follow ablation of the livci, hypo- 
glycemia is among the earliest to develop The blood sugar commences 
to fall at once after the liver has been removed, and soon reaches a level 
sufficientl) low to pioduce hypoglycemic shock Intravenous admmis- 
tiation of dextrose is remarkably efficient in relieving the symptoms, and 
considerably prolongs the lives of the animals Minkowski 10 obseived 
convulsions and coma in geese, Doyon, Gautier and Pohcard 11 reported 
convulsions m frogs, aftei complete lemoval of the liver According 
to Whipple and Hooper , 12 ligation of the hepatic artery in dogs with 

10 Minkowski, O Arch f exper Path u Pharmakol 58 141, 1908 

11 Doyon, M , Gautier, C, and Pohcard, A Compt rend Soc de biol 64 
271, 1908 

12 Whipple, G H , and Hooper, C W T Exper Med 17 612, 1913 
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Eclc fistula produces similar results Partial removal of the liver of an 
animal with Eck fistula causes a slight decrease m the blood sugar 
(Mann and Bollman 13 ) A stage is reached, however, after which 
removal of more liver tissue, short of total hepatectomy, does not lower 
the blood sugar further 

The regenerative power of the liver and its large factor of safety 
have been amply demonstrated by numerous investigators In one 
experiment designed to elucidate this point, removal of 65 per cent of 
the liver tissue did not peiceptibly change the blood sugar level nor alter 
the loim of the sugar curve following the intravenous injection of 
dextrose It is evident that the functional activity of the liver is con- 
cerned with maintenance of the noimal blood sugai, but that a rela- 
tively small proportion of the organ is capable of caring for the needs 
of the organism in this respect 

It has been demonstrated by the lesults reported here that blood 
sugar m animals suffering from yellow fever is greatly 1 educed, in a 
few cases, even a day or more befoie death (chart 1 and table) It is 
almost certain in the light of previous work on the function of the 
liver that these low blood sugar values are due to the hepatic lesions 
accompanying the disease 

Microscopic examination of the liver tissue reveals great vai lability 
m the amount of damage in different monkeys early in the febrile 
penod A few monkeys die without marked changes in the appearance 
of the liver Plowever, m a gi eater number of cases evidence of 
degeneration is apparent twenty-four hours befoie death, and it is 
usually after this tune that the blood sugar commences to decrease (chart 
1 and table) From then until death there is a progressive fall in the 
blood sugar level Almost invariably the degeneration is quite marked 
twelve hours before death, and it is at this stage that the most significant 
alterations m the blood chemistry are noticed, particularly in the blood 
sugar Failure of urea formation and deaminization is a terminal 
event 1 Although a loweimg of blood sugar may occur many horns 
before abnormalities in the metabolism of urea or ammo-acid are 
evident 2 (table), this, too, must be considered a terminal event In the 
animals that recovered, the blood sugar was never found to be as low 
as that reported for the average m group 4, chart 1 

The extremely low values found at death are interesting It is 
questionable if any of the reducing substance m the blood below 15 mg 
per hundred cubic centimeters is dextrose Van Slyke and Hawkms 14 

13 Mann, F C, and Bollman, J L Liver Function Tests, Arch Path 1: 
681 (May) 1926 

14 Van Slyke, D D , and Hawkins, J A J Biol Chem 83 51, 1929 
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leported that Benedict’s blood sugar method yields an aveiage of 
about 10 mg per cent of nonfeimentable reducing material Although 
inability to deteinune the nonfeimentable reducing substances forbids 
any positive statement, it seems piobable that no dextrose or only an 
insignificant amount is left in the blood of a fasting monkey dying of 
yellow fever 

Some monkeys’ blood sugar was found to be below hypoglycemic 
levels befoie they became piostrate There weie none of the customary 
signs of hypoglycemic shock in these animals, except general weakness 
and lassitude However, in only one of four animals did symptoms 
that produced severe and durable hypoglycemia develop after injections 
of insulin It is possible that M i hcsus is not so responsive to low blood 
sugar as are other animals 

While the hypogl)cemic leaction induced by removal of the liver is 
quickly relieved by injections of dextrose, similar treatment did not 
noticeably improve the condition of animals ill with yellow fever The 
situation is complicated by othei factors, and piobably is comparable to 
the second stage of shock following hepatectomy, which cannot be 
relieved by intravenous injections of dextrose 

That blood sugai is dependent on livei glycogen seems evident 
Following hepatectomy the blood sugar becomes greatly diminished , and 
if the liver is made glycogen-fiee, injections of epinephrine are no 
longer effectne in taising the blood sugai, although in both instances 
the muscles may contain consideiable quantities of glycogen The low 
blood sugar found in the later stages of yellow fever also results from 
a greatly depleted glycogen supply in the liver Analysis of liver tissue 
taken from animals m the later stages of the disease revealed practically 
no glycogen Only a few milhgiams were found in monkeys R7 and 
R8 when the blood sugar was less than 20 mg per hundred cubic centi- 
meters Monkey R9, lolled while still active after two days of fevei 
and with a blood sugar of 19 mg per hundred cubic centimeteis, had 
124 Gm of glycogen pei hundred giams of livei tissue While it is 
doubtful that these monkeys had taken food for twelve hours, the 
extremely low glycogen content of the liver is piobably not due to 
starvation Maikowitz 8 emphasized the difficulty m completely elimi- 
nating glycogen fiom the liver by starvation The hveis of labbits 
deprived of food for four days at loom temperature still contained 
from 400 to 480 mg of glycogen per hundred giams 

The effects of injections of epinephrine suppoit the view that the 
livei s of monkeys in the terminal stages of the disease possess little or 
no glycogen Maikowitz 8 found that injections of epinephrine did not 
raise the blood sugai when the liver was glycogen-free , when only traces 
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were present, the mciease was delayed m proportion to the amount of 
hepatic glycogen Monkey RIO showed a sharp brief rise in blood 
sugar following intramuscular and mtiavenous injections of epinephrine 
An increment of 32 mg per hundied cubic centimeters was observed 
five minutes aftei the injection, but five minutes later the blood sugar 
had leturned to preinjection levels A subsequent intravenous injection 
of epinephrine did not affect the blood sugar (chart 2) Furthermore, 
injections of epinephrine did not appieciably alter the rate of fall of 
blood sugar m M ihesus Rll following the intravenous injection of 
dextrose (chart 2) While it is possible that a slight rise in blood sugai 
might be masked by the high concentration following the administration 
of dextrose, nevertheless^ an increment of from 10 to 20 mg per hun- 
dred cubic centuneteis, which persisted an appreciable length of time, 
would be evident m the shape of the curve 

If the low blood sugai found in the sick monkeys is the result of a 
greatly depleted supply of hepatic glycogen, the function of glycogenesis 
was m many cases abolished before there was a failure of deaminization 
or urea formation, for a low blood sugar value (table) was found many 
hours before significant alterations m blood urea and ammo-acid 
nitrogen were apparent 2 McMastei and Drury 16 found that after 
removal of 70 per cent of the rabbit’s liver, convulsions accompanied by 
a low blood sugar value and death occurred m 33 per cent of their cases 
without, however, any evidence of disturbances m urea or uric acid 
metabolism The results leported pieviously 1 and those in this papei 
concur with those of McMaster and Drury, in that the sugar-regulating 
mechanism was the first to fail Monkey R12 (table) may be cited as an 
example, for when the nonprotem nitiogen was 37 mg per hundred 
cubic centimeters, the urea nitrogen 12 mg , and the ammo-acid nitrogen 
7 mg the blood sugar had already fallen to 34 mg 

Izume and Lewis 16 suggested that the hypoglycemia following 
hydrazine intoxication is primarily due to failuie of normal glyco- 
genesis This opinion is apparently substantiated m the case of yellow 
fever by the abnormally low hepatic glycogen and the abnormally high 
blood sugar value found in some nonfasting monkeys with yellow fever 

SUMMARY" 

1 Hypoglycemia was regularly obseived in monkeys with yellow 
fever as early as twenty-four hours before death and became pro- 
gressively more pronounced as death approached 


15 McMaster, P D , and Drury, DR J Exper Med 49 745, 1929 

16 Izume, S, and Lewis, H B T Biol Chem 71 51, 1926 
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2 In eveiy case tested the blood sugar during fasting finally fell to 
a level at which convulsions might have been expected, less than 45 mg 
pei hundied cubic centimeters Nevertheless, definite symptoms of 
hypoglycemic shock were not observed, nor did intravenous injections 
of dextrose have any demonstrable beneficial action 

3 Hypoglycemic shock was difficult to produce m monkeys 

4 After hypoglycemia, had appeared, little glycogen was found m 
the livers of monkeys with yellow fever, and the hyperglycemic action 
of epinephime was greatly diminished or abolished 

5 The changes m caibohydiate metabolism definitely pieceded the 
disturbances of deaminization and urea formation lepoited in earlier 
papeis of this series 



THE POTASSIUM CONTENT OF THE HEARTS OF 
PERSONS DYING FROM EDEMATOUS AND 
NONEDEMATOUS CONDITIONS * 

L C SCOTT, MD 

NEW ORLEANS 

The inorganic constituents of cardiac muscle and their bearing on 
cardiac activity have been receiving moie and more attention in recent 
years The work of Norn 1 on potassium, especially his investigations 
on the excretion of this element, seems to indicate that the potas- 
sium content of the tissues of the normal individual, at least, is constant, 
and that the bod)'’ responds promptly to excessive intake by establishing 
an equilibrium 

At the time of his experiment, Norn had not been able to laise the 
value of the blood potassium appreciably or for any length of time by 
administrations of relatively large doses of potassium chlonde Further- 
more, to judge from this work, the normal diet furnishes fai more 
potassium than the body can retain and, like sodium salts, that portion 
not utilized is excreted, principally no doubt, m the urine The condi- 
tions under which the investigations of Noin were carried out were 
virtually normal 

Goto , 2 in experiments with animals, showed that acid feeding 
diminishes the potassium in the muscles, and the analyses of Harrison, 
Pilcher and Ewmg 3 on the cardiac and skeletal muscle of patients dying 
from cardiac disturbances with edema as a symptom sustain their 
assumption that acidosis of tissue tends to dimmish the potassium con- 
tent This holds, according to their observations, both for cardiac and 
for skeletal muscle 

In a series of sixty-nme analyses of cardiac muscle for moigamc 
constituents, special attention was paid to the potassium and sodium in 
thirty-two hearts from patients who had died of a variety of diseases 

1 Submitted for publication, July 21, 1930 

'"From the Department of Tropical Medicine, Tulane Unnersity of 
Louisiana 

1 Norn, M I Untersuchungen uber das Verhalten des Kaliums lm 
Orgamsmus I, Skandinav Arch f Physiol 54-55 162, 1928-1929, II (in urine), 
ibid , p 185 

2 Goto, Kmgo Mineral Metabolism in Experimental Acidosis, J Biol Chem 
36 366, 1918 

3 Harrison, T R , Pilcher, C and Ewmg, G The Potassium Content of 
Skeletal and Cardiac Muscle, J Clm Investigation 8 325 (April 20) 1930 
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Foui teen of these patients showed edema of a greater or lessei degiee 
and of vaiymg periods of duration, and eighteen weie free fiom it 
Unfortunately, the clinical histones of the majority weie obscuie and 
the exact data unobtainable 

All hearts weie leceived almost intact and utilized as soon aftei 
autopsy as possible The deteimmations of potassium and sodium weie 
made by the method of Fmker-Neubauer, 4 which the original woik of 
Neubauer 5 shows to be veiy exact, and which independent detei initia- 
tions with known amounts of potassium and sodium chlonde pioved 
to be satisfactory The details of the methods employed for the deter- 
mination of these and other moigamc constituents, with the results of 
the analyses, aie exjdamed m an article about to be published 

Not only weie a laige peicentage of the potassium and sodium 
determinations made in duplicate, but many weie lepeated foui or 
more times, to test the method thoioughly In no instance was theie 
reason to doubt the nccuiacy after expenence in manipulation had 
been attained and when conditions weie property adheied to 

A 1 elation of peihaps moie than passing mteiest, and one certainly 
not expected, is piesented by these analyses This is that at times the 
lelatne prepondeiance of sodium and potassium is leveised The 
reversal is not attnbutable to maccuiate deteimmations, since the values 
often piesented close checks, of which the analysis of the heart fiom 
patient 127 may serve as an example The amount of potassium, 
expressed as ICO, was found to be the following in a senes of seven 
determinations 1 284 per cent, 1 252 per cent (three times), 1 251 per 
cent (twice) and 1 164 per cent The amount of sodium, expiessed as 
Na,0, was found to be 0 943 per cent, 0 956 per cent (twice), 1 135 
per cent, 0 894 per cent, 0 912 pel cent and 0 877 pei cent No other 
long senes of expemnents was earned out on any one heart, but four 
analyses on the basis of 1 Gm of diy muscle tissue was the usual rou- 
tine The others, though checking sufficiently well, did not always yield 
lesults as close as those given 

The percentages of water, potassium and sodium stated m the tables 
are calculated on the basis of cardiac muscle dried to relatively constant 
weight at 100 C This furnishes a umfonn condition and neutralizes 
the effect of vai lability in moisture In the tabulations, the original 
percentages of ICO and Na 2 0 have been converted into the equivalents 
of potassium and sodium by multiplying by the factors 0 830 and 0 742 

4 Fmker-Neubauer, quoted in Treadwell, Hall Analytical Chemistry, ed 3, 
New York, John Wiley & Sons, 1911, vol 2 pp 47-48 

5 Neubauer, H Eine abgekurzte Methode der Kalibestimmung in den 
Kalisalzen, Ztschr f anal yt Chew 39 481, 1900 
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In table 1 are presented the fourteen analyses of hearts from patients 
dying of diseases m which edema was one of the symptoms The fol- 
lowing bnef outlines are taken from data obtained m the ward and the 
Pathological Depai tment 

Case 96 — For J B , no clinical history was obtainable Edema of unknown 
duration was mentioned on the history sheet There was evidence of edema of 
both extremities, especially of the right side, and of the penis and scrotum The 
clinical diagnosis was congestive heart failure The anatomic diagnosis was 
bronchopneumonia, chronic myocarditis, hypertrophy and dilatation of the heart, 
acute and chronic nephritis and chronic splenitis 

Case 102 — C R ’s edema began two years before the present study with 
general swelling of the lower extremities The face later became swollen The 


Table 1 — Results of Analyses of Caidiac Muscle fioin Patients with Edema 





Analvsis of Cardiac Muscle* 





Mois 

Potas 






ture. 

slum, 
per Cent 

Sodium, 
per Cent 


Patient 

Sex 

Age 

per Cent 

Disease 

9G 

M 

05 

SO 03 

0 60S 

1 017 

Congestne heart failure 

102 

M 

22 

70 GO 

1 1G3 

0 910 

Congestive heart failure 

103 

M 

GG 

78 0G 

0 G70 

0 8S3 

Diabetes, gnngrcne 

Arteriosclerotic heart disease 

10G 

M 

65 

80 47 

0 591 

0 603 

10S 

M 

40 

78 3S 

0 579 

0 809 

Congestne heart failure 

109 

M 

80 

78 84 

0 871 

OSOS 

Arteriosclerotic heart disease 

110 

M 

GO 

80 76 

0 S8G 

0 803 

Congestive heart failure, syphilis 

111 

M 

G2 

80 57 

0 781 

0 820 

Congestive heart failure 

114 

M 

41 

81 12 

0 944 

0 9G9 

Congestive heart failure 

115 

M 

42 

79 O0 

1 02G 

0 917 

Syphilitic heart disease 

11G 

M 

5G 

79 17 

1 184 

1 039 

Congestive heart failure 

122 

M 

42 

SO 95 

1 107 

0 941 

Congestive heart failure 

123 

F 

36 

80 22 

1 183 

0 8S0 

Chronic nephritis, congestive heart failure 

126 

M 

72 

81 25 

1 0S9 

0 717 

Congestive heart failure, chronic nephritis 

Mean 



SO 02 

0 010 

0 S7S 


Standard deviation 

1 011 

0 215 

0 112 


Probable error 


-4-0 710 

+0 150 

•4-0 080 



* Results for potassium and sodium expressed on tlie basis of drj muscle tissue from tlic 
left ventricle 


edema eventually became so severe that the patient was sent to the hospital The 
clinical diagnosis was circulatory failure The anatomic diagnosis was lobar 
pneumonia of the lower left lobe (bilateral and fibrinous), pleuritis (localized), 
interlobar empyema (right side), purulent pericarditis, acute nephritis and fattv 
degeneration of the liver 

Case 103 — J G suffered from constant pain in the feet These pains 
increased gradually, and the patient noticed that his toes were drying up The 
history mentioned edema of the feet and legs The clinical diagnosis was dia- 
betes mellitus The anatomic diagnosis was gangrene of the right foot and 
left toe, and toxemia 

Case 106 — H W ’s clinical history was not available Edema was present 
over the legs The clinical diagnosis was arteriosclerotic heart disease The 
anatomic diagnosis was carcinoma of the stomach, chronic nephritis, generalized 
arteriosclerosis, hypertrophy of the heart, aneurysm of the ascending portion of 
the arch of the aorta and bilateral hydrothorax 

Case 108 — About one month before admission to the hospital, E P suffered 
from dizziness and shortness of breath, with disturbed vision Edema of the 
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legs and thighs existed during the period in the hospital The clinical diagnosis 
was hypertension, chronic myocarditis with decompensation, marked secondary 
anemia and auricular fibrillation The anatomic diagnosis was acute and chronic 
nephritis, hypertrophy and dilatation of the heart, brown atrophy of the lungs, 
bilateral hydrothorax and fatty degeneration of the liver 

Case 109 — No clinical history was available for B J The left lower leg 
was edematous The clinical diagnosis was chronic varicose ulcer of the leg 
The anatomic diagnosis was bronchopneumonia, acute and chronic nephritis, 
arteriosclerosis, acute splenitis, fatty degeneration of the liver and chronic myo- 
carditis 

Case 110 — The clinical history for I H stated that about four months before 
admission to the hospital the patient noticed swelling of his feet and legs The 
clinical diagnosis was chronic myocarditis with decompensation, hypertension, 
inguinal adenitis and syphilis The anatomic diagnosis was bronchopneumonia 
(bilateral), acute and chronic nephritis, chronic myocarditis, splenitis and atrophic 
gastritis 

Case 111 — Three wee.vs before admission to the hospital, J D woke up to 
find his feet swollen and oainful The clinical diagnosis was chronic myocarditis 
with decompensation and chronic nephritis The anatomic diagnosis was lobar 
pneumonia, empyema, bilateral gangrene, arteriosclerosis, syphilis, cirrhosis of the 
liver, aortitis and chronic nephritis 

Cyse 114 — Marked edema of the legs and abdomen was mentioned in the his- 
tory of R B About a year before the patient noticed swollen feet The clinical 
diagnosis was congestive heart failure, hypertensne heart disease, chronic nephri- 
tis and piobable aneurysm (dilatation of the arch) The anatomic diagnosis 
was syphilitic aortitis, erosion of the aortic valve, acute and chronic nephritis, 
passne congestion of the L\er and spleen and fibrous pleuntis 

Case 115 — T H had extensive edema of the right side of the body No 
clinical lnstoiv was available The clinical diagnosis was syphilitic heart dis- 
ease and aoititis The anatomic diagnosis v r as acute and chronic myocarditis 
(syphilitic), acute and chronic nephritis with cystic degeneration, aortitis, endo- 
cardial sclerosis (aortic and mitral valves), passive congestion of the spleen, 
edema and congestion of the lungs 

Case 116 — In E L ’s case, edema was present over the legs and thighs The 
duration was about three weeks The clinical diagnosis was decompensation 
The anatomic diagnosis was bilateral bronchopneumonia, hypertrophy and dilata- 
tion of the heart, chronic nephritis and passive congestion of the liver and spleen 

Case 122 — No clinical history was available tor J W Marked edema was 
noted The clinical diagnosis was congestive heait failure The anatomic diag- 
nosis w r as chronic myocarditis with dilatation and hypertrophy, bronchopneu- 
monia, general anasarca, passive congestion of the kidneys and spleen and 
cirrhosis of the liver 

Case 123 — M G had edema of the legs the duiation of Yvhich had been 
about four weeks During this time, the condition became so bad that she w r as 
unable to recline at night The clinical diagnosis was hypertensive heart dis- 
ease, chronic nephritis, congestive heart failure and auricular fibrillation The 
anatomic diagnosis W'as acute and chronic parenchymatous nephritis, chronic 
myocarditis with hypertrophy, pulmonary infarctions of the right lung, passive 
congestion of the liver and spleen, hydrothorax on the right side, acute fibrinous 
pleurisy (right lung) and atelectasis of the right lung 
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Case 126 — The ankles of H R were slightly edematous Two years befoie, 
he became dj r spneic, but did not grow materially worse until three weeks before 
admission to the hospital , then he noticed that his ankles were slightly edematous 
The clinical diagnosis was senility, syphilis, partial heart block, chronic nephritis 
and chronic myocarditis with decompensation The anatomic diagnosis was 
multiple abscesses of the kidneys, pyelonephrosis (bilateral), carcinoma of the 
gallbladder, chronic myocarditis, aortitis, passive congestion of the liver, early 
cirrhosis of the liver, congestion of the spleen, acute cystitis, pulmonary conges- 
tion and edema and hypertrophied prostate 

Table 2 contains the analyses of eighteen heaits from patients whose 
disease processes were not productive of an edematous condition The 
clinical diagnoses only are given 

Table 2 — Results of Analyses of Caidiac Muscle fiom Patients Without Edema 


Analysis of Cardiac Muscle* 


t 

Mo s Potas 
ture, sium, 


Patient 

Sex 

Age 

per Cent 

per Cent 

97 

M 

47 

78 92 

0 785 

98 

M 

70 

78 17 

0 891 

99 

P 

39 

79 55 

0 891 

100 

M 

40 

80 92 

0 769 

101 

P 

17 

82 12 

1 155 

104 

M 

47 

80 32 

0 707 

105 

M 

51 

82 12 

0 851 

107 

M 

GO 

79 80 

0 621 

112 

M 

13 

77 25 

0 937 

113 

M 

19 

84 91 

0 726 

117 

M 

64 

79 99 

1110 

118 

P 

34 

80 95 

0 709 

119 

M 

24 

81 29 

1 061 

120 

M 

54 

SO 05 

0 992 

121 

M 

82 

80 23 

0 620 

124 

M 

49 

79 11 

1 316 

125 

M 

22 

80 42 

1467 

127 

P 

3S 

80 56 

1041 

Mean 



80 30 

0 925 

Standard deviation 

1 518 

0 229 

Probable error 


*+l 040 

■4-0 100 


Sodium 
per Cent 

Disease 

0 S54 

Tuberculosis, lobar pneumonia 

0 938 

Lobar pneumonia 

0 872 

Carcinoma 

1002 

Lobar pneumonia 

0 832 

Tuberculous meningitis 

0 872 

Lobar pneumonia 

1 178 

Pulmonary tuberculosis 

0 845 

Lobar pneumonia, syphilis 

0 915 

Syphilis, bronchopneumonia 
Pulmonary tuberculosis 

1 306 

0 743 

Arteriosclerotic heart disease 

1 134 

Carcinoma 

1 190 

Lobar pneumonia 

Pulmonary tuberculosis 

0 549 

Bronchopneumonia, arteriosclerosis 

0 815 

Miliary tuberculosis 

0 699 

Bronchopneumonia 

0 813 

Pellagra 

0 915 

0 188 
-M) 131 



* Results for potassium and sodium expressed on the basis of dry muscle tissue from the 
left ventricle 


COMMENT 

There is consideiable vanation in the values for both potassium and 
sodium regardless of whether or not the patient suffered from edema 
prior to death, and the final averages do not indicate any appreciable dif- 
ference in the cardiac content The average of fourteen hearts from 
edematous patients for potassium is 0 910 per cent and for those of 
eighteen persons who did not have edema 0 925 per cent, while the 
results for sodium weie, lespectively, 0 878 per cent and 0 915 per cent 
Nor is there a marked difference m the water content, those with 
edema having an average of 80 02 per cent and those without 80 30 per 
cent An edematous condition of the wall of the heart, whatever state 
the skeletal tissues may be in, apparently does not usually exist 
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Sections of fresh cardiac muscle were subjected to Macallum’s 0 
sodium cobaltnnitiite method for demonstrating the potassium within 
the cell and intei stitial spaces There can hardly be any doubt, if one 
may judge from the distribution of the stain, that the greater part of 
the potassium is localized m the intei cellular spaces In the cell itself, 
the potassium appears to be uniformly diffused throughout the pioto- 
plasm The stnations become very distinct, and Macallum stated that 
potassium is condensed m the dim bands and m the middle third of the 
lattei when the fiber is conti acted 

CONCLUSIONS 

1 The lesults of anatysis of thirty-two heaits foi potassium and 
sodium do not seem to indicate that there is on an aveiage any 
appieciable diffeience in the amount of these elements m hearts fiom 
edematous and fiom nonedematous patients 

2 The watei content is piactically the same for both categories 

3 There is consideiable variation in the amount of potassium and 
sodium m hearts, legardless of whethei the disease processes fiom 
which the patients died were or weie not productive of edema 

4 The percentage of sodium may be greater than that of potassium 
and vice veisa without any apparent relation to disease 

5 Demonstration of potassium in cardiac tissue indicates that the 
larger pioportion of the salts is contained m the fluid bathing the muscle 
cells, and that they aie lather uniformly diffused thioughout the proto- 
plasm 

6 Macallum, A B On the Distribution of Potassium in Animal and 
Vegetable Cells, J Physiol 32 95, 1905 



THE BLOOD LIPOIDS IN NEPHROSIS AND 
CHRONIC NEPHRITIS WITH EDEMA * 


L LICHTENSTEIN, MD 
George Blumenthal, Jr Fellow in Pathologj 
AND 

EMANUEL Z EPSTEIN, MD 
Eugene Mejer, Jr Fellow 

NEW \ 0RK 

The old clinical classification of subacute or chronic dittuse nephritis 
(chronic parench) matous nephritis) with edema, and its pathologic 
counterpart, the large white kidney, has been superseded by the present 
day concepts of chionic nephrosis and the nephrotic phase of glomerulo- 
nephritis, developed fiom the work of F Muller, Munk, Volhard and 
Fahr, A A Epstem and others The clinical picture of pure or uncom- 
plicated nephrosis has been lepeatedly defined in lecent years (punci- 
pally m the German and American literatuies) as one of piofuse 
albuminuria, edema, oliguna, insidious onset, normal concentrating 
power of the kidne} , piolonged course with tendency to cyclic 1 emissions 
and low basal metabolic late (occasional), with absence of cardiovascu- 
lai changes, such as hypei tension, retinitis, hematuria or uremia Fui- 
thermore, it is widely maintained that chronic nephrosis manifested by 
degenerative changes m the kidney tubules, without demonstrable 
glomerular lesions, in adults at least, is an uncommon condition, that, 
much more frequently, the nephrotic syndrome represents a phase of 
varying duration m the natural histoiy of glomerulonephritis, a phase 
in which, for the time, the functional changes ordinarily associated with 
glomerular disease may be entirely overshadowed and arterial hypei ten- 
sion may be absent Although raie m adults, pure nephrosis is not 
uncommon m young children (Schwarz and Kohn x ) Since the inves- 
tigations of A A Epstein, 2 it is generally known that the fundamental 
changes m the composition of the blood in nephrosis consist m (1) 
lowering of the serum proteins, affecting the albumin fraction more 
than the globulin, so that theie is a tendency toward inversion of the 

* Submitted for publication, July 23, 1930 

*From the Laboratories, Pediatric and Medical Services of the Mount Sinai 
Hospital 

1 Schwarz, H , and Kohn, J L Studies of Nephritis in Children I 
Nephrosis, Am J Dis Child 24 125 (Aug ) 1922 , Bacteremia and Skin Mani- 
festations in Lipoid Nephrosis, ibid 38 762 (Oct) 1929 

2 Epstein, A A J Exper Med 20 334, 1914 , The Nature and Treatment 
of Chronic Parenchymatous Nephritis (Nephrosis), J A M A 69 444, 1917, 
Am J M Sc 163 167, 1922, Arch f Verdauungskr 44 31, 1928 
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albumin-globulin latio, (2) inciease in the lipoid content of the plasma 
Correlated with the increase m plasma lipoids is the piesence of double 
1 ef ractile bodies m the mine (Munk 8 ) and deposits of double lefractile 
lipoids m the kidney tubules shown to be cholesteiol esteis Whethei 
or not mtiogen letention is a featuie depends on the incidence of 
glomerulai lesions 

It is of the chemical features that we wish to speak, and especiall) 
of the increased lipoids of the blood plasma m clinical nephiosis 


Blood Chemist) y in Nephi osis and Chi onto Nepht itis with Edema 


Plasma Lipoids 

t A — — " — — — — i 

Cholesterol, Mg per Cent Phos Scrum Piotcms, Urea 

i ' -s phatide, Gm per Cent Nitrogen, 

Ester Mg r- — a- Mg 

As per Cent per Cent Albu Glob per 

Case Date Pree Ester Total of Total (P x 20) min ulin Total Cent 

Nephrosis 


1 

10/23/29 

235 

390 

025 


11/ 1/29 

285 

715 

1,000 


11/19/29 

150 

835 

9S5 


1/ 7/30 





4/25/30 



900 

2 

11/10/29 



900 


12/ 2/29 

185 

500 

OSS 

3 

7/19/29 

390 

220 

G10 


7/31/29 

45 

405 

450 

4 

10/22/29 



3S0 

5 

11/14/29 

100 

190 

350 


11/29/29 

50 

270 

320 

Chronic nephritis with edema 



C 

11/11/29 



300 

7 

1/10/30 

55 

300 

355 

S 

4/10/o0 



050 

9 

7/22/29 

210 

540 

750 


7/29/29 

450 

550 

1,000 


7/31/29 

30 

780 

810 

10 

2/ 4/30 



450 


4/11/30 



440 

11 

4/11/30 



1,140 


5/4/30 

G15 

375 

990 

12 

5/ 9/30 



1,380 


5/14/30 

50 

S70 

920 

13 

11/11/29 

105 

235 

340 


11/23/29 

210 

250 

400 

Nephrosis in remission 



14 

1/ 9/30 

85 

125 

210 

15 

2/ 1/30 



200 


02 






72 

335 

20 

29 

4 9 

9 

85 

442 

1 1 

27 

38 

7 


3S2 






325 

1 5 

3 5 

50 



652 





73 

419 

20 

28 

4 S 

9 

30 


27 

30 

57 

15 

90 


37 

28 

05 



273 

48 

21 

09 

8 

54 

317 





84 

274 

34 

11 

4 5 

92-224 


203 



58 

10 

84 

320 




43 


309 

22 

3 1 

53 

7 

72 






55 


1 6 

14 

30 

20 30 

00 

35S 

10 

22 

38 

28 



19 

23 

42 

25 


395 

17 

22 

39 

14 

38 


28 

1 2 

4 0 

24 



22 

23 

4 5 

10 

95 

450 

25 

28 

5 3 

10 

09 

426 



70 

188 

54 

442 





00 

170 

32 

24 

50 

15 


208 

57 

21 

78 

13 


During the past yeai we have had the opportunity m the medical and 
pediati ic sei vices of the hospital to make complete chemical studies m 
twelve cases of nephrosis and chiomc glomerulonephi itis with edema, 
including the estimation of the cholesterol, cholesteiol esteis and phos- 
phatides m the blood plasma 4 The data are piesented m the accom- 
panying table 

3 Munk, F Ztschr f klin Med 78 1, 1913 

4 Cholesterol, free and combined, estimated by the method of Blco, and 
ICnudson (J Biol Chem 27 107, 1916) , phosphatides by a modification of the 
method of ICuttner and Cohen (ibid 75 517, 1927) and ICuttner and Lichtenstein 
(ibid 86 671, 1930), and serum proteins by the method of Wn (ibid 51 33, 1922) 
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Port, 5 m 1910, and shortly afterward Chauffaid, Laioche and 
Grigaut, 0 tepoited an increased cholesterol content m the serum of cer- 
tain patients with chronic nephritis Since then mci eases m the choles- 
terol content of the blood have been observed by numerous investigators 
m cases of clinical nephrosis and the nephiotic type of glomerulo- 
nephritis (chronic pai enchymatous nephritis with edema in the old 
terminology) but not m other types of nephntis (Denis 7 and Bloor 8 ) 
Greenwald 0 made the obseivation that the plasma lipoid phosphorus is 
often increased in nephritis Daniels 10 found a substantial increase m 
plasma lecithin m five of seven cases of chronic pai enchymatous 
nephritis, as well as an mci ease in fatty acids and cholesterol Increased 
concenti ation of plasma lecithin was also observed by Oser and 
Karr 11 m seveial cases of uremia Knauer 12 pointed out that m 
nephrosis, m addition to the cholestei ol, the phosphatides and fatty acids 
aie consistently mci eased in amount, he also observed that with an 
exacerbation of the disease, the lipoids use and then decline with 
clinical improvement, and that m cases of acute hemoirhagic nephritis 
the total amount of lipoids is not increased above the normal values 
Daniels 10 likewise found that m the forms of renal disoidei examined 
othei than chronic pai enchymatous nephntis, no comparable increase 
of plasma lipoids was found Recently, Gainsborough 13 m a study of 
twenty cases of “so-called lipoid nepluosis” reported a consistent 
mciease m the total cholesterol content of the blood, but principally in 
that fraction combined with fatty acids, the cholesterol esters We 
were able to confirm these observations (accompanying table) 

The lipoids of the blood plasma were estimated m twelve cases ot 
clinical nephrosis, as weie the serum proteins and urea nitrogen in 
most instances Among these were three cases (cases 1, 2 and 3), all 
of them m children, that seemed to confoim strictly to the cnteria foi 
lipoid nephrosis, one case of syphilitic nephrosis (case 4) , a case of 
amyloid disease of the kidneys (case 5), and seven cases (cases 6 to 12) 
m which a nephrotic picture supervened m the course of subacute oi 

5 Port, F Deutsches Arch f khn Med 99 259, 1910 

6 Chauffard, A , Laroche, G, and Grigaut, A Compt rend Soc de biol 
70 108, 1911 

7 Denis, W J Biol Chem 29 93, 1917 

8 Bloor, W R J Biol Chem 31 575, 1917 

9 Greenwald, I J Biol Chem 21 29, 1915 

10 Daniels, W B Brit J Exper Path 6 283, 1925 

11 Oser, B L, and Karr, W G The Lipoid Partition in Blood in Health 
and m Disease, Arch Int Med 36 507 (Oct ) 1925 

12 Knauer, H Med Klin 23 840, 1927 

13 Gainsborough, H Quart J Med 23 101, 1929 
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chionic glomei ulonephi ltis A case of renal rickets (case 13) was 
studied which showed an appreciable increase in blood lipoids, of the 
same order of magnitude as that legularly obseived m nephrosis, but 
which neveitheless presented none of the other featuies of nephiosis 
In addition, several childien foimeily obseived with clinical nephiosis 
weie studied when their condition was m the stage of 1 emission and 
showed complete lestoiation of normal lipoid paitition of the blood 
(cases 14 and 15) 

REPORT OF CASES 

Cases 1, 2 and 3 — These cases occuried in children under 4 years of age A 
diagnosis of lipoid nephrosis was made The course was characterized by per- 
sistent albuminuria and cyclic periods of edema, in which the blood lipoids were 
icgularly increased and the serum proteins diminished There was no history of 
hematuria, hvpei tension, etc These cases seemed to conform in all respects to 
the criteria for lipoid nephrosis 

Casi 4 — Tn a man known to have syphilitic aortitis, syphilitic nephrosis de\ el- 
oped while he was under observation Edema of the ankles, persisting for a year, 
was accompanied by copious albuminuria Double refractile bodies were found in 
the urine The absence of hypertension, hematuria or nitrogen retention was noted 
The patient was discharged in an improved condition 

Case 5 — Amyloid kidneys, with secondary contraction and terminal uremia 
occurred m a patient, a man with a long-standing case of tuberculosis of the hip 
The diagnosis was confirmed by autopsy 

Cases 6, 7 and 8 — These cases in children all showed features of nephrosis 
copious albuminuria, edema and lipoidemia Because of hematuria at some time 
and in one instance (case 7) transient hypertension and moderate nitrogen retention, 
these cases must be regarded as presenting a nephrotic picture supervening in the 
natuial history of acute glomerulonephritis 

Cases 9, 10, 11 and 12 — In these cases, the patients were adults, with clinical 
histories of marked, persistent and recurrent edema and profuse albummuna 
These cases were regarded clinically as presenting a nephrotic picture developing 
in the course of subacute oi chronic glomerulonephritis, because hematuria, hyper- 
tension or diminished concentrating ability was present 

Case 13 — This case occurred in a child, aged 6, with renal rickets The patient 
had severe rickets, not improved by treatment, and nephritis that was evidenced by 
marked nitrogen retention (urea nitrogen, 188 mg), but there were no uremic 
symptoms The blood lipoids were increased, especially the phosphatides 

Cases 14 and 15 — The children had been observed m previous attacks of clinical 
nephrosis and were now in a state of remission These cases are cited to exemplify 
the normal lipoid distribution in blood plasma 

COMMENT 

The previous observations of an increase m cholesterol, fatty acids 
and phosphatides m blood plasma were abundantly confiimed In our 
series of cases both the total cholesteiol and the phosphatide values were 
uniformly mci eased, in the most maiked instances to a strikingly high 
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level, e g , cholesterol 1,380 mg per hundred cubic centimeters 14 The 
phosphatide content of the blood plasma was regularly elevated, with 
the increase most marked m cases with the highest cholesterol values and 
a low amount of serum proteins 

A striking feature of this general hpoidemia is the mciease of 
cholesterol esters observed m the circulating blood In six cases, from 
80 to 90 per cent of the total cholesterol was combined with fatty acids 
In the remaining instances, although the ratio of ester cholesterol to 
total cholesterol was lower, the absolute increase in the ester fraction 
was nevertheless significant 

As previously cited, Gainsborough 13 in a study of a senes of cases 
of “so-called lipoid nephrosis” found a consistent increase m the total 
cholesterol content of the blood, but principally m that fraction com- 
bined with fatty acids In several instances, just as in our series, this 
increase m cholesterol ester obtained to a much smaller degiee The 
significance of an increase in the fatty acid content of the blood 
(Daniels, Knauer) is difficult to interpret, since the fatty acids estimated 
after saponification may be derived from many sources neutral fat, 
phosphatides or cholesterol esters On the othei hand, the finding of 
a decided increase of cholesterol esters in the circulating blood may be 
correlated with their presence m the urine of nephrotic patients as 
double refractile bodies and with their deposition m the renal tubules 

A diminution of the serum proteins, particularly of the albumin 
fi action, was observed to be regularly associated with the lipoidemia, 
and the tendency m many quarteis is to regard both phenomena as 
concomitant features of an underlying geneiahzed metabolic disorder, 
imperfectly understood The experiments of Fishberg and Fishberg, 15 
who produced lipemia in rabbits by prolonged bleeding, suggested that 
the lipoidemia is a compensator)'- mechanism for the loss of protein, m 
the maintenance of the osmotic pressure of the blood This hypothesis, 
however, would not explain the occasional case of clinical nephrosis in 
which the cholesterol values of the blood seem to show no definite 
relation to the level of serum proteins or to the occurrence of edema, 
nor would it explain the lipoidemia (as in case 13) that may occur in 
chronic nephritis with normal serum proteins and no edema 

14 Through Dr George Baehr, we have had the opportunity of studying a 
case of chronic lipoid nephrosis in a 17 year old girl in whom the blood choles- 
terol, which on admission was 700 mg per hundred cubic centimeters of plasma, 
rose to the extraordinary figure of 2,200 mg, coincident with the administration 
of thyroxine After the discontinuation of the treatment, the cholesterol regressed 
to 850 mg per hundred cubic centimeters 

15 Fishberg, E H, and Fishberg, A M Proc Soc Exper Biol & Med 
25 296, 1928, Biochem Ztschr 195 20, 1928 
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A slight but definite mciease, both m the total cholesterol and phos- 
phatide values of the blood was fuithei obseived in three of five cases 
of chionic ncphntis, m the stage of terminal uremia The lipoid 
increases weie haidly of the older of magnitude of those obseived m 
nephrosis , nor wei e we able to cori elate them with conspicuous damage 
to the kidne} tubules in the sections observed post moitem In contra- 
distinction to this, all of the five cases of acute nephutis studied gave 
values within the noimal ianges 

Finally, inci cases in the fiec and combined cholesterol and in the 
phosphatide content of blood plasma aie encounteied in subacute or 
chionic glomeiulonephiitis with edema, as well as m so-called lipoid 
nephrosis, without demonstiablc glomeiulai changes In fact, the 
hpoidemia and the changes m scium piotein m chronic diffuse nephutis 
with edema ma) in many instances be as pionounced as they are m 
nephrosis The chemical picture may be so snnilai that a differentia- 
tion is made possible only by the histoiy, the piesence of eiythiocytes 
m the mine hypei tension, changes in the fundus and caidiovascular 
imohement 

SUMMARY 

1 Chemical studies of the blood plasma (cholesteiol, cholesterol 
cstci, phosphalidcs, seium proteins and uiea mtiogen) weie made in 
thiec cases of lipoid nephrosis, one instance of syphilitic nephiosis, 
one instance of am>loid nephiosis and seven cases of chionic glomerulo- 
nephritis with edema In all of them, increased values w r ere found foi 
cholesteiol, both total and cstei, and foi phosphatides 

2 The cholesteiol cstei fraction was found to be consistently 
inci eased — in six cases up to from 80 to 90 pei cent of the total 
cholesterol This obseivation may be coi related, in considering the 
pathogenesis of nephiosis, with the piesence of cholesteiol esteis m the 
mine (double lefractile bodies) and in the kidney tubules 

3 In most instances the hpoidemia w^as associated with a diminution 
of the scium proteins, especially of the albumin fi action 

4 The seven patients with chronic glomeiulonephiitis with edema 
likcw isc showed hpoidemia The increase in total cholesterol, cholesterol 
esteis and phosphatides w r as as sinking as that observed in cases of 
nephiosis 
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E G SCHMIDT, PhD 
With the Cooperation oi 
T NELSON CAREY, MD 

B ALTIMORE 

The mtioduction of microchemical methods into the laboratories 
of hospitals has made available a fertile field for scientific investigation 
which has been attended by notable pi ogress m the knowledge con- 
cerning many of the fundamental processes of life This has been 
parti culaily true m legard to carbohydrate metabolism, and, while an 
increased content of blood sugar has been a familiar clinical phe- 
nomenon, the introduction of insulin theiapy has focused attention 
on the hypogl) cemic condition — a condition moie fiequent than was 
formerly supposed 

The piesent woik was staited some tune ago as a study of the 
chemical constituents of the blood at death and one hour after death 
The purpose of the investigation was to study the value of postmortem 
blood chemistry, particulaily in cases m which an autopsy is not 
obtainable, and to study the chemical changes that might take place 
m the blood constituents during the hour immediately following death 
Especial attention was given to the blood sugar and any changes it 
might undergo, because of the practical as well as the scientific value and 
also because of the possible medicolegal significance The specimens of 
blood were obtained by caidiac puncture immediately, 01 within ten 
minutes, aftei death and one hour aftei death Since the coipuscles 
of the postmortem heart blood fiequently settle, all chemical deteinu- 
nations were made on the plasma by the usual hospital methods , 1 
although frequently there was insufficient material for a complete 
analysis 

The concentrations of sugar and uiea m the blood and m the plasma 
are essentially the same, although, as is well known, the plasma chlorides 
are considerably higher than the chlorides of the blood, and the plasma 
ammo-acid nitrogen is somewhat lowei 

* Submitted for publication, Majr 26, 1930 

' i 'From the Biochemical and Medical Departments of Mercy Hospital and 
the Department of Biological Chemistry of the University of Maryland School 
of Medicine 

1 Benedict, S R J Biol Chem 68 759, 1926 Karr W G J Lab & 
Clin Med 9 329, 1924 Folm, O J Biol Chem 51 377, 1922 Whitehorn, J 
C J Biol Chem 45 449, 1921 Haden, R L Clinical Laboratory Methods, 
ed 2, St Louis, C V Mosby Companv, 1924 Thannhauser, S J and Anderson, 
E Arch f klm Med 137 179, 1921 
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The data aie given in the accompanying table The most inter- 
esting and suggestive obseivations to cause sudden alarm weie the fre- 
quent low tcimmal amounts of sugar in the blood or the plasma, which 
seemed to indicate that hypoglycemia was a complicating factor in the 
death of a laige percentage of the cases Thus among thirty-three 
unselected cases, taken as oppoitunity peimittcd, theie weie twelve cases, 
01 36 pei cent, that showed low blood oi plasma sugars, langing from 
28 to 75 mg pei bundled cubic centimeters at the moment of death 
These suipiismgl} low \alucs foi sugar were totally unexpected since 
none ol these patients had leceived insulin or any other antihypei- 
gl)cemic substance, noi weie theie am obvious clinical leasons or 
s}mptoms to indicate hypogl) ccmia Tlie diagnoses of the cases in the 
table v ere taken fiom the patients’ chaits and weie primal lly clinical, 
although a few weie confiimed b) autopsy Extended clinical dis- 
cussions and protocols haidl) seem w an anted as the piesent series is 
too small to serve as a basis for an exhauslne theoietical discussion 

The hypoghcemic condition appeals to develop rapidly Thus ten 
horns befoie death the patients in cases 1 and 2 had blood sugais of 
129 and 1-10 mg pci bundled cubic centnneteis of blood, whereas, at 
death the plasma sugais w'eie 50 and 38 mg lespectively The patient 
in c<we 11 had a tcimmal plasma sugar of 50 mg, wdieieas thiee houis 
befoie death the blood sugai had been 90 mg That a definite hypo- 
ghcemia existed befoie death is pioved by cases 6, 7, 8 and 5 m which 
the values foi blood sugai (obtained by \ empunctui e) weie 28, 31, 33 
and 55 mg at pcnods of one-half, one-half, one and foui hours, 
respectn elv, befoie death, and the sugai values of the plasma of the 
lieai t blood weie essentiall} the same at the time of death The blood 
sugar appaiently dcci cases umfoimh thioughout the body, as indi- 
cated b) case 8, in which, one houi before death, there w r as a blood 
sugar of 33 mg (by \cnipuncUue), and at death, of 29 mg , the corie- 
spondmg plasma sugai taken fiom the hcait at the same time was 
33 mg 

An explanation of these unexpected obsci\ations is difficult Nadlei 
and Wolfci 2 3 stated that spontaneous hypogl) ccmia may be caused by 
h) pennsuhnism 1 with excessive utilization of sugar, or a deficiency 
m the stoiagc of glycogen or mobilization of sugai in the function of 

2 Nadler W H, and Wolfcr, J A Hepatogenic Hypoglycemia Associated 
with Primary Liver Cell Carcinoma, Arch Int Med 44 700 (Nov) 1929 

3 Wilder, R M , Allan, F N , Powei M H, and Robeitson H E 

Carcinoma of the Islands of the Pancreas, JAMA 89 .348 (July 30) 1927 
Harris, S Hypcrmsuhnism and Dysinsuhnism J A II A 83 729 (Sept 6) 
1924 Thalhimcr, W, and Murpln, F D Carcinoma of the Islands of the 
Pancreas Hvperinsuhnism and Hypogl} ccmia, J A M A 91 89 (July 14) 
1928 Allan, F N Hyperinsuhnism, Aich Int Med 44 65 (July) 1929 Allan, 
F N , Bocck, W C, and Judd, E S The Surgical Treatment of Hyper- 

insultmsm, JAMA 94 1116 (April 12) 1930 
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the li\er, but it appeals difficult to believe that hypei insulimsm could 
be m\ olved m all of the foiegomg cases because the histones do not 
ie\ cal any picMous attacks of hypoglycemia As will be noted in the 
table, at least thiee of the patients had obuous involvement of the liver, 
and it has been well demonstiated that complete lemoval of the livers 
of dogs lesults m a lapid fall m blood sugai 1 Low blood sugars have 
also been obscncd in laie cases of gioss hepatic disorders, such as 
acute }ello\\ atiopln r ’ oi caicmoma of the livei However, the patients 
m cases 1 to 3 do not seem to piesenl sufficiently seveie hepatic disease 
to account foi such low amounts of sugai, since many patients having 
gieatei damage to the lnei ha\e been seen with noimal blood sugars 
E\en though m cases of hepatogenic pathology such low terminal 
sugai i alues aie not so suipiismg, it is moie difficult to explain the 
low sugar i alues found in cases 4 to 9, which weie diagnosed as 
nephiosis, uiemia empicma, caicmoma of the stomach and miliary 
tubeiculosis, icspeclneh In these cases theie was no appaient evidence 
of injun to the lnei although, as Allan c pointed out, the livei may still 
be at fault and it is conceivable that one function may fail while othei 
functions icmain intact The point is difficult to piove Cases 10, 11 
and 12 presented postoperative conditions in which hypoglycemia 
seemed to de\elop suddenly Again we have no explanation to offer 
except to point out that there may be some i elation between post- 
operatnc shock and spontaneous hypogl)cemia 

Dunng icccnt vcais various mteiestmg types of hypoglycemia have 
been described Thus ceitam lelations between vitamin deficiency and 
In pogh cemia 7 spontaneous hypogl) cenua, 8 compensatoiy h)poglycemia 
afiei the ingestion of sugar, 0 -vagotonia and hypoglycemic leactions, 10 
In pogh cemia in hepatic disoideis and eclampsia, as well as chlorofoim 
or caibon tetiachlonde poisoning with resultant mciease in guanidine 
a alues, 31 sc\eic pulmonan tubeiculosis and hypoglycemia, 12 tiypano- 

4 Mmn, F C Medicine G 419, 1927 

5 Schmidt E G Tlie Ammo-Acid Content of the Blood in Health and 
m Disease, Arch Int Med 44 351 (Sept ) 1929 Rabmowilch, I M J Biol 
Chcm 83 333. 1929 

6 Allan (footnote 3, fourth refcience) 

7 Sure, B , and Smith, M E J Biol Chem 82 307, 1921 Guichi, S 
\ich f d ges Phjsiol 203 365, 1924 

8 Ashe, B I , Moscnthal, II 0, and Ginsbtng, G J Lab & Clin Med 
13 109, 1927 Pcttcrsson, A S Acta med Scandinav 69 232, 1928 

9 Levine, V E Proc Soc E\pcr Biol & Med 24 627, 1927 

10 Nielsen, J M J Nerv &. Ment Dis 63 456, 1926 

11 Watanabe, C IC J Biol Chem 33 253, 1918, 34 51, 1918 Bodansky, M 
Am J Physiol 66 375, 1923 Minot, A S , and Cutler, J T J Clin Investi- 
gation 6 369, 1928, Proc Soc Exper Biol & Med 26 607, 1927 Titus, P , and 
Dodds, P Am J Obst & Gyncc 15 303, 1928 

12 Barack M , Wowsi, P, and Ran/ man, G Beitr 7 IClin d Tuberlc 65 
769, 1927 
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sonnasis and hypoglycemia in guinea-pigs ld infectious disease of labbits 
and hypoglycemia with fatty degeneration of the liver, 11 etc , have 
been studied from vanous angles However, none of the authors draws 
attention to or explains the great frequency of hypoglycemia found 
among hospitalized patients, as indicated by the data m the table 

It is interesting to note that the patients m cases 5, 9 and 11, 
although receiving a 5 per cent dextiose Murphy drip, had low amounts 
of blood sugar, a condition that appears to demonstiate the futility of 
this type of theiapy as a souice of available carbohydrate tor the 
oiganism In fact, Pressman 15 recently showed that following the 
introduction of dextrose into the rectum, the blood sugar level falls 
without a preliminary rise, and he pointed out that dextrose is usually 
given by rectum to patients m whom sugai depletion is likely to 
occur, and that the status of sugar deficiency would then be aggravated 
rathei than improved by the admmistiation of sugai via the lectal route 

Although no diabetic patients are included in this study, many of 
the patients showed a definite hyperglycemia, none of this group had 
received dextiose, except those in cases 13, 14, 16 and 21, who had 
been receiving dextrose Murphy drips Howevei, as previously pointed 
out, this type of administration of sugar does not seem to produce an 
elevation in the lei el of the blood sugai In a numbei of cases hypei- 
glycenua was quite marked and ranged fiom 130 to 219 mg at the 
time of death This great variety in teimmal sugai s, langmg from 
25 to 219 mg, again demonstiates the maiked instability of the 
equilibrium of blood sugar m the patient who is desperately ill 

In general, only a very small decrease in the blood sugar took place 
dui mg the hour immediately following death However, there were 
two noteworthy exceptions Thus in case 22 — a case of mercuric 
chloride nepluosis and bionchopneumonia — the blood sugar deci eased 
from 154 to 50 mg, and in case 27 — a case ot empiema and lobai 
pneumonia — the sugai decreased from 166 to 32 mg dunng the hour 
following death It is difficult to explain these marked deci eases m the 
postmortem sugar content of the blood Most of the remaining cases, 
several having the same diagnosis, showed but a slight decrease during 
the same interval and under the same conditions As this work was 
nearing completion, the significant work of Paul, 10 and that of Pucher 
and Burd, 17 who found that the plasma sugar frequently was low from 

13 Dubois, A Compt rend Soc de biol 99 656, 1928 

14 Oppel, W W Ztschr f d ges exper Med 60 86 1928 

15 Pressman, J Am J M Sc 179 520, 1930 

16 Paul, J R Ayer Clinical Laboratory of the Pennsylvania Hospital, 
Philadelphia, October, 1925, Bull 9 

17 Pucher, G W, and Burd, L A Bull Buffalo General Hospital, April, 
1925 
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one-hall to two horns aftei death Paul suggested that hypoglycemic 
states must be i datively common m the terminal or agonal stages of a 
laige \aiiet} of conditions 

It was found that the plasma uiea fiequently inci eased rapidly dui- 
ing the last feu houis of life Thus in case 2, the blood urea lose from 
92 to 150 mg dining the ten hours pnor to death However, there 
was little change m the uiea duiing the hour after death, and a specimen 
taken during that time gaic a tine pictuie of the content of blood urea 
at the time of death 

It has lecenth been shown that the ammo-acid mtiogen of the blood 
lemains constant in health and m disease, 1S however, the data m the 
table indicate a fieqnent teiminal mciease in ammonitiogen, which 
continues to mciease aftei death Cases S and 10 show a particulaih 
high content of ammomlrogen, which is difficult to explain, since 
there weie no signs of hepatic insufficiency oi any othei condition that 
might result in such maiked amino-acidemia The caibon dioxide- 
combining powei of the plasma w r as detei mined m a few cases, and 
small deci eases weie usually noted during the postmortem horn, 
whereas the chlondcs lcmamed constant during the same interval It 
might be mtciestmg to point out that in cases 22 and 27 in which theie 
was such maiked deeicase in the postmortem sugai during the houi 
following death theie was a coi responding marked deciease m the 
carbon dioxide-combining powei of the plasma and an unusually large 
mciease m ammonitiogen This chemical syndiomc indicates a rapid 
cadaieric decomposition but theie seems to be no apparent leason wh} 
these unusual changes should have taken place since all of the bodies 
were treated alike, l e, allowed to lemam in the death bed duiing the 
hour of postmortem study 


SUMMARY 

1 Blood chemisliy delci mmations have been made before, at and 
one houi aftei death, on thnly-tluec nondiabetic patients dying m the 
hospital 

2 Among these thut) -tin ee unselccted cases, twelve cases, or 36 pei 
cent, showed low teiminal blood oi plasma sugars, ranging fiom 28 to 
75 mg pci bundled cubic centimeters at the moment of death 

3 In a numbci of cases it w'as demonstrated that this pionounced 
and suggcslnc h)pogl}cemia existed before death as well as at death 

4 Only a slight decrease was noted in the blood sugai during the 
houi immediatelv following death, although theie were two note- 


18 Schmidt (footnote 5, first reference) 
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worthy exceptions m which the sugar of the heart blood decreased from 
154 to 50 and from 166 to 32 mg during the first postmortem hour 

5 The blood urea frequently increased rapidly just prior to death, 
but little change took place after death 

6 Frequently there was a terminal rise in ammo-acid mtiogen, 
which continued to increase somewhat after death The carbon dioxide- 
combmmg power of the plasma decreased somewhat shortly after death, 
but the chlorides remained unchanged 



LIVER EXTRACT FOR PERNICIOUS ANEMIA 

BLOOD CHANGES DURING THE FIRST MONTH , REPORT OF 
ONE HUNDRED AND ONE CASES ! 

L G ZERFAS, MD 

INDIANAPOLIS 

The daily ingestion of laige amounts of mammalian liver (200 ± Gm 
of prepaied weight daily), togethei with a w'ell balanced diet, has been 
shown b> Minot and Muiphy 1 to benefit essentially all patients with 
peimcious anemia Following this epoch-making discovery, Cohn and 
Minot and their associates - piepaied, by means of chemical fiactiona- 
tion, certain fi actions of lner which w f eie fed to patients with peimcious 
anemia Minot and Muiphy had pieviously accumulated data lelative 
to the icticuloc)te (}Oimg led blood cell) lesponse and the late of led 
blood cell foimatio n in those patients fed liver This knowledge there- 
foie served as a means of eliminating ineffective fractions and of 
estimating the potency of active fi actions A water-soluble, nitrogenous, 
nonpiotein extraction of hvei, luiowm as “fi action G,” was obtained, a 
few grams of which w r eie as effective m the tieatment for peimcious 
anemia as wcie laige quantities of wdiole livei 

In ordei to make this theiapculic agent available, vanous fi actions 
of livei were manufactuicd foi the Peimcious Anemia Committee of the 
Iiarvard ]\Iedical School by Eh Lilly and Company Livei extract 
no 343, wdiich closely lescmblcd “fraction G,” w r as selected by the com- 
mittee foi general distnbution aftei satisfactoiy clinical evidence had 
been accumulated tlnough the coopeiation of a number of test clinics 
scattered in wndely sepaiatcd sections of the countiy 

Minot, Cohn, Muipli) and Law r son 3 lepoited on the use of this 
standaidwed pioducl, no 343, in the tieatment of eighty-nine patients 

* Submitted for publication, May 26, 1930 

* From the Lilly Laboratories for Clinical Research, Indianapolis City 
Hospital 

1 Minot, G R, and Muiphy, W P Tieatment of Pernicious Anemia by 
a Special Diet, J A M A 87 470 (Aug 14) 1926, A Diet Rich in Liver m 
the Treatment of Pernicious Anemia, ibid 89 759 (Sept 3) 1927 

2 Cohn, E J , Mmot, G R , Fulton, J F , Ulnclis, Ii F , Sargent, F C , 
Wearc, J H, and Murphy, W P J Biol Chem 74 69 (July) 1927 Cohn, 
E J , Minot, G R , Allcs, Gordon A , and Salter, W T J Biol Chem 77 . 
325 (May) 1928 

3 Minot, G R , Cohn, E J , Murphy, W P , and Lawson, H A Am 
J M Sc 175 599 (May) 1928 
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with pernicious anemia When given daily in such amounts as were 
derived from 300 to 600 Gm of liver (from 9 to 18 Gm of the extract), 4 
there was observed a rapid regeneration of the red blood cells and a strik- 
ing improvement m the health of the patients 

The use of adequate daily amounts of liver or effective fractions of 
liver for the treatment of patients with pernicious anemia has since been 
well established by numerous investigators m this country 5 and m for- 
eign countries 6 Sufficient time has now elapsed for one to say that 
effective fractions of liver have produced more than a temporary 
improvement m the blood and m the health of patients with pernicious 
anemia and have simplified the treatment of patients with this disease 

The problem of standardizing and determining the potency of frac- 
tions of liver containing the active principle or principles cannot as yet 
be determined or even estimated by chemical or biologic methods Like- 
wise, true pernicious anemia cannot as j^et be produced by experiment m 
animals, consequently, it is necessary to determine the relative potency 
of these fractions by feeding approximately a maximal daily amount to 
patients with pernicious anemia who are m relapse and who have no 
complications 

The data recorded by Minot, Cohn, Muxphy and Lawson relative to 
the production of the maximum number of reticulocytes, as observed 
and calculated, and the rate of red blood cell formation when patients 
with pernicious anemia were fed maximal daily amounts of liver extract 
no 343 serve as a standard by which various lots of liver extract oi 
othei therapeutic agents employed for the same purpose may be 
evaluated 

It is my purpose m this paper to record additional data obtained 
when liver extract no 343, made under the direction of the Committee 
on Pernicious Anemia, was employed and data obtained subsequently up 

4 Minot, Cohn, Murphy and Lawson (footnote 3) have estimated that the 
loss in the preparation of the standardized extracts from whole liver probably 
does not exceed 30 per cent 

5 Heath, E H Pernicious Anemia Treated with Liver Diet and Liver 
Extract, JAMA 91 928 (Sept 29) 1928 Ordway, T , and Gorham, L W 
The Treatment of Pernicious Anemia with Liver and Liver Extract, JAMA 
91 925 (Sept 29) 1928 Middleton, W S The Erythropoietic Response of the 
Various Anemias to Liver Therapy, J A M A 91 857 (Sept 22) 1928 Rich- 
ardson, W New England J Med 200 540 (March 14) 1929 Sturgis, C C , 
Isaacs, R R, and Smith, M Ann Int Med 1 983 (June) 1928 

6 Muelengracht, E Ugeslc f lieger 90 408 (May 3) , 123 (Feb 9) 1928 
Greenacher, K E Zentralbl f inn Med 49 1178 (Dec 15) 1928 Schulten, 
H Munchen med Wchnschr 76 1281 (Aug 2) 1929 East, C F T Brit 
M J 1 491 (March 24) 1928 Jogic, N , and Spengler, G Wien khn Wchnschr 
40 1480 (Nov 24) 1927 
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to the piesent time Infoimation on vanous fractions of liver made 
dui mg' the penod of eaily pioduction and pnoi to the pioduction of the 
standai dizcd pioduct is also included These othei fi actions were sim- 
ilai to extiact no 343, but varied in potency to a greater extent than did 
the standai dized pioduct 

Tlicic is little infoimation lepoited in this paper which has not been 
pi escntcd m the exhaustive woik of Mmot and his associates, however, 
these obseivalions, made on a senes of conti oiled patients, confirm and 
add to that which has all eady been 1 epoi ted 

CLIXIC VL MATERIAL AND METHODS 

In this senes 101 patients with typical pnmaiy pernicious anemia 
were studied ovei a penod of fiom one month to thiee years Sixty-one 
of these patients weie fed adequate daily amounts of the standardized 
luei extiact no 343, and weie tiealed at a time when their initial red 
blood cell counts langed between 0 53 and 3 27 million per cubic milli- 
meter of blood and a\eiaged 1 64 million 

Theie weie tw enh-fne additional patients, whose led blood cell 
counts before tieatment aveiaged 1 7 million pei cubic millimeter of 
blood, who weie fed vanous expei linental fi actions of livei similar to 
Inei extract no 3-13 houcvei, only the late of red blood cell pioduc- 
tion at the end of one month’s tieatment has been leported m this 
papci Infoimation i dative to the pioduction of leticulocytes has been 
puiposel} omitted, although, in many instances, it compaied favorably 
with that obscivcd when extiact no 343 was admunsteied 

Theie weie fifteen patients tieated with the standai dized livei extiact 
no 3-13 when then initial led blood cell counts wane above 3 million per 
cubic nnllimetci and aveiaged 3 4 million 

On admission to the hospital, each patient w r as studied foi the pui- 
posc of establishing the diagnosis of pernicious anemia Conti ol data 
relative to the foimcd elements m the blood, the peicentage of hemo- 
globin (New r coinct method) and blood bilnubm deteimmations were 
made The icticulocyte counts u r eie made fiom fixed cover-glass prep- 
arations of capillaiy blood stained wuth bnlhant ciesyl blue and countei- 
stained with Wnght’s stain The peicentage of l eticulocytes w r as based 
on the number obseived m counting 1,000 led blood cells, and very high 
oi vciy Iow r counts weie checked The absolute numbei of reticulocytes 
pei cubic millimetei of blood was calculated by multiplying the number 
of led blood cells by the peicentage of l eticulocytes that occuired at the 
same time In the majonty of cases, daily obseivations of the blood 
w r eie made dut mg the first thiee or foui weeks of tieatment with monthly 
obsei vations thereaftei 
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Data were excluded when the percentage of reticulocytes was high 
(above 3 per cent) before treatment as a result of the ingestion of liver, 
blood tiansfusions, complicating factors such as infectious processes or 
as a result of spontaneous remissions The data obtained after the 
first month of treatment will be reported m a separate paper 

RESPONSE OF THE RETICULOCYTES AT VARIOUS RED BLOOD 

CELL LEVELS 

In table 1 are recoided the results obtained when maximum daily 
amounts of the standardized livei extract no 343 were fed to sixty-one 
patients with pernicious anemia, whose red blood cell counts immediately 
before treatment was begun ranged between 0 53 and 3 27 million per 
cubic millimeter of blood The absolute number of reticulocytes before 
treatment was begun at the peak of their rise and at the end of the third 
week has been recorded 

There was a distinct tendency for the number of reticulocytes 
observed at the peak of their rise to be greater, the lower the red blood 
cell count before treatment, so that appioximately an inverse relation 
existed Individual variations, however, were observed 

In nearly every instance the number of reticulocytes m the blood at 
the end of the third week of treatment was greater than the number 
observed before treatment was begun 

In case 58, 58A and 58C three separate and distinct relapses occuired 
because of the omission of liver extract, and, in each instance, reticulo- 
cyte responses were obtained when treatment with adequate daily 
amounts of liver extract was lesumed 

The characteristics of the reticulocyte responses were typical of 
those described by Mmot and his associates and others for patients fed 
adequate daily amounts of potent fractions of liver As a rule, the first 
increase in the absolute number of reticulocytes was observed about the 
fourth day after treatment was begun The peak of the rise (the great- 
est absolute number of reticulocytes) was leached usually between the 
eighth and ninth days, after which there was a gradual decrease 
Approximately three weeks were required to complete the reticulocyte 
response, that is, from the beginning of their increase until the number 
approached that found normally m the blood 

RESPONSE OF THE RETICULOCYTES TO VARIOUS DAILY AMOUNTS 
OF LIVER EXTRACT NO 343 

The maximum number of reticulocytes dehveied into the cuculation 
at the peak of their rise was influenced by the daily amount of potent 
fractions of liver administered 



Table 1 — The Nimibci of Reticulocytes at the Peak of Then Rise and the Red 
Blood Cell Counts at the End of Appi oximately One Month of Treatment 
When Appio innately Maximal Daily Amounts of the Standaid- 
i zed Fi action of Livci No 343 Woe Fed to Sixty-One 
Patients with Pet melons Anemia Dining Relapse 
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In table 2 are lecorded observations made during the treatment of 
twenty-six patients with pernicious anemia whose red blood cell counts 
immediately before treatment weie at similai levels and were below 
3 million per cubic millimeter of blood 

The amount of active principle derived from 100 Gm of livei, when 
given daily to one patient for twenty-eight days, was not sufficient to 
pioduce a reticulocyte l espouse oi an increase m red blood cells When 
the same total amount of extract (112 Gm ) was fed at the rate of 12 
Gm daily (extiact derived from 300 Gm of liver) to the same patient, 
a prompt increase in reticulocytes and red blood cells was obtained on 
the seventh da) (See case 1A, table 1 ) 

In those patients who received the active principle derived from 
300 Gm of liver daily, a slightly submaximal number of reticulocytes 
was produced at the peak of their rise, and the day on which the peak 


Table 2 — Dala Concerning Tzventy-Siv Patients Receiving Live) Extiact 
No 343 in Vaitous Daily Amounts 


Daily Avenge Number Average Number of 

Amount of Average of Reticulocj tes Red Blood Cells in 

Standardized Number at Peak of Millions per C Mm 

E\tract of Days to Their Rise, , * 
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occurred was somewhat later than when amounts denved fiom 400 to 
1,000 Gm of liver were fed Essentially a maximum numbei of leticu- 
locytes was produced when the active pi mciple obtained from 400 Gm of 
liver was given daily Greater amounts of the active principle did not 
produce an appieciable increase in the average number of reticulocytes 
at the peak of their rise The velocity of the leticulocyte response, 
however, was mci eased so that the average day of the peak was reached 
sooner The increased velocity of the reticulocyte response had little 
advantage from a practical point of view, since the red blood cell counts 
for the various groups reached about the same level at the end of the 
first month of treatment 

At the present time, fractions of liver are being clinically tested for 
potency by giving a slightly submaximal amount of liver extiact daily 
(that derived from 300 Gm of liver) It is believed that this permits 
a more critical test than when maximal daily amounts aie administered 

RATE OF PRODUCTION OF RED BLOOD CELLS 

The rate of production of red blood cells was largely dependent on 
the number of reticulocytes deliveied into the circulation when the level 
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of the led blood cells befoie treatment was below 3 million pei cubic 
milhmetei of blood Those factois which have been shown to influence 
the magnitude of the leticulocyte response, such as the level of the red 
blood cells befoie ticatmenl and the daily ingestion of maximum 
amounts of potent functions of livei, have m turn influenced to a great 
extent the rate of red blood cell pioduction 

Jn table 1 the icd blood cells at the end of the fii st month of treat- 
ment averaged for the gioup of 61 patients, 3 5 million pei cubic nulli- 
metei of blood The data in table 3 include the aveiages foi the red 
blood cells befoie treatment and at the end of one month foi the various 
gioups which comprised the total number of 101 patients treated 

The groups of patients whose aieiage initial led blood cell counts 
weie below 3 million pei cubic milhmetei reached an aveiage level of 

Twill 3 — Iitcieasc in Red Blood Cells at the End of Appi oumatcly One Month 
of 7 ? catmcnt with Livei Eitiact R r o 343 and Othci Compai able, 

Potent Fi actions of Lwci 
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appioximateh 3 5 million at the end of the fiist month of ticatment, 
although theie weic individual vanations above oi belosv 3 5 million, 
some of which aic shown in table 1 

The late of icd blood cell pioduction duiing the fiist month of 
tieitment is useful in attempting to evaluate the potency of a given 
thciapeutic agent especial!) when combined with mfoimation lelative 
to the pioduction of l eticulocytes at the peak of their use 

The gain in the aveiage numbci of led blood cells at the end of the 
first month for the vanous gioups svas in mveisc l elation to the average 
lcsel of the led blood cells befoie tieatment wans begun 

In the gioups of patients with initial led blood cell counts below 
3 million pci cubic milhmetei, the leticulocyte responses accounted for 
the greatei gains in led blood cells obseived, wheieas the gioups with 
initial icd blood cell counts above 3 million shouted smaller gams, and 
no appaicnt increase m the numbei of 1 eticulocytes svas seen m the 
blood stream 
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OTHER CHANGES IN 1 HE BLOOD 

Myelocytes and nucleated led blood cells of various types were 
fiequently observed in the blood, especially preceding or duiing the 
period in which the reticulocytes appeared m greatest numbers During 
this period and sometimes immediately following it, the white blood cells 
increased from leukopenic levels to normal or greater than normal 
with an absolute increase m granulocytes A leukocytosis which occa- 
sionally reached from 12,000 to 15,000 per cubic millimeter of blood was 
seen m many instances The occurrence of eosmophilia, repoited in nat- 
ural remissions and m those produced by the feeding of liver, was not 
observed m the series of patients fed liver extract 

The blood platelets were decreased in number during relapse and 
were abnormal m their histologic appearance During the reticulocyte 
response they also increased, as time passed, usually to numbei s greater 
than normal Later they regained their usual morphologic appearance 
and approached the number found normally in the blood 

The hemoglobin increased at a slower rate than the led blood cells 
in most instances, so that the coloi index usually dropped below 1 m 
fiom three to five weeks In the patients who pioduced the gieatest 
number of reticuloc) tes on the day of the peak of their rise, the color 
index decreased most rapidly, often reaching 1 or below by the end of 
the second week The color index remained above 1 in the patients 
who showed the slowest increase in red blood cells and m most of the 
patients with pronounced neurologic manifestations, even though their 
led blood cells had reached normal levels 

The majority of the patients had an increase in blood bilirubin during 
i elapse, which decreased rapidly m all of the cases and usually faster m 
the cases with the greatest reticuloc) te lesponses The patients who had 
unsatisfactoiy reticulocyte responses because of too little extract did not 
experience a decrease m their blood bilirubin The blood bilirubin 
became normal, or less than normal, by the end of the first two or three 
weeks 

CLINICAL IMPROVEMENT 

The degree of clinical improvement following an adequate response 
of the red blood cells has been described by numerous investigators, so 
that it has become a matter of common knowledge , suffice it to say, that, 
with the exception of those patients -who had or developed complications 
during the first month of treatment, striking clinical improvement was 
observed and the general health of the patients was materially benefited 

SUMMARY 

One hundred and one patients with typical pernicious anemia were 
treated -with potent fractions of liver Sixty-one of these patients were 
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given adequate daily amounts of a standaidized fraction of livei, 
no 343 The 1 csults obtained 1 elativc to the production of 1 eticulocy tes 
are in accoid with those lcpoited by Minot and his associates The 
maximum numbei of leticulocytes pioduced at the peak of then mciease 
was influenced by the level of the led blood cells befoie treatment was 
begun and by the daih amount of potent extiact of liver ingested 

In uncomplicated cases, the amount of extiact (appioximately 12 
Gm) denied fiom 300 Gm of liver pioduced a slightly submaximal 
number of l eticuloc) tes on the day of the peak, liowevei, the number 
of led blood cells pioduced at the end of one month was essentially the 
same as that pioduced when laigcr daily amounts of extract (that 
demed fiom 400 to 1 000 Gm of livei) weie given 

The aveiage gam in led blood cells at the end of one month’s treat- 
ment for the entile senes of 101 patients bore an mveise lelation to 
the level of the led blood cells before tieatment was begun In the 
patients whose ted blood cell counts w^eie below 3 million per cubic milli- 
meter of blood befoie tieatment, the count leached approximately a level 
of 3 5 million at the end of one month 

The numbei of i eticuloc) tes pioduced at the peak of then use, 
combined with infoimation ldatne to the rate of led blood cell pio- 
duction for the fust month of tieatment, seems a useful means of 
determining the potenci of fractions of livei 

Miss Helen Chandler pa\e me much technical assistance 



GASTRIC AND DUODENAL ULCER IN THE BLACK 
PEOPLE OF ABYSSINIA 4 ' 

STUART BERGSMA, MD 

ADDIS ABABA, ABYSSINIA 

Gastric and duodenal ulcei is generally legarded as a rare condition 
among Negroes 1 One of the standaid systems of surgeiy 2 contains 
the recoids of the New Orleans Boaid of Health for ten yeais In the 
decade cited, gastric ulcer caused 0 123 per cent of the deaths among the 
white population, but only 0 043 per cent of those among the Negioes, 
of 6,800 medical cases in white peisons there weie 58 (0 086 per cent) 
of gastric ulcer, wheieas of 4,900 medical cases m Negroes there weie 
only 2 (0 004 pel cent) of gastuc ulcer, l e , theie were approximately 
twenty times as many cases m the white population as m the black A 
recent statistical summary of the Bellevue Hospital, New York, from 
1904 to 1922 gave a total of 120 cases of gastric ulcer, of which only 
2 were m Negioes Forty-foui cases of duodenal ulcer weie recorded, 
none of which were in Negroes 3 Frank cited 2 cases of duodenal ulcer 
and 1 of gastric ulcer which were personally seen by him , he described 
the condition as rare 4 

This, however, is not true of the black people of Abyssinia, among 
whom gastric and duodenal ulcei is a relatively common disease 
Peculiarly enough, acute appendicitis in an Abyssinian is a distinct 
rarity Accoiding to information from peisonal conversation with other 
physicians m Abyssinia, not a single case of acute appendicitis has 
been seen m an Abyssinian As usually stated, one is led to believe 
that there is something m the black race itself which makes gastuc 
and duodenal ulcei an unusual occuirence m Negioes m the United 
States That this is not the fact and that other factors must be sought 
among the black people of the United States of America is my con- 
tention m this article when I stress the lelative frequency of the disease 
among the black people of Abyssinia 

*- Submitted for publication, June 10, 1930 
From the American Mission Hospital 

1 Lewis, Dean Practice of Surgerjq Hagerstown, Md, W F Prior Com- 
pany, Inc , 1928, vol 6, chapt VI, p 5 

2 Keen Surgery, Philadelphia, W B Saunders Company, 1921, vol 4, pp 
IMS and 1142 

3 Sturtevant, M, and Shapiro, L L Gastric and Duodenal Ulcer, Fre- 
quency, Number, Size, Shape, Location, Color, Sev and Age, in 7,700 Necropsy 
Records at Bellevue Hospital, Arch Int Med 38 41 (July) 1926 

4 Frank, L W Duodenal Ulcer m a Negro, Kentucky M J 20 74, 1922 
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Abyssinia is a veiy new countiy in a suigical sense Until approxi- 
mately six yeais befoie the piesent wilting, theie was not a single 
suigical hospital in Abyssinia, and it has been only within the last foui 
yeais that any consideiable numbei of major operations have been 
peifoimed But what has unpiessed me at the two largest hospitals m 
Abyssinia (hospitals with only seventy and thnty beds, respectively) is 
the 1 datively gieat numbei of the black people whose chief complaint 
is “stomach tiouble” of seveial }^eais’ duiation It has pioved an 
entne waste of tune and medicine to attempt to tieat any of the patients 
with gastric or duodenal ulcer by diet and alkaline tieatment similar 
to that of Sippy, even in selected acute cases While in the hospital, 
the patient docs well on a nnlk diet and alkalis, and expenences com- 
plete ldief fiom pam and h)peiacid buimng lie is dischaiged in good 
condition with sufficient medicine foi seveial weeks and fails to repoit 
at the clinic A few months later he returns, again very miserable, 
having neglected to take any powdeis after his first day out of the 
hospital and having letuined to his native diet within a few days of 
leaung the hospital Since this diet consists of a soui biead, an 
extremely peppeiy sauce and law meat, and since milk is piactically 
unobtainable, it is manifestly impossible to conti ol gastnc and duodenal 
ulcer medically heie, as one does not have any measuie of intelligent 
coopciation on the part of the patients, and as it is impossible for them 
to obtain anything appioaclun g an ulcei diet m then homes 

Dui mg the two )cais that I have been in Abyssinia, appi oxnnately 
200 patients with acute and clnomc gastnc and duodenal ulcers have 
presented themselves at the clinic of the Amencan Mission Hospital, 
Addis Ababa, Abyssinia Of this number several weie fust accepted 
for gastnc study and medical tieatment, but latei this proved woith- 
less Thereaftei all patients who for seveial yeais had suffered with 
vomiting and pam and who gave evidence of pyloric obstruction were 
admitted to the hospital if consent was obtained to an operation if 
necessary, patients with the rnoic acute condition, without pyloric 
obstruction, were given medicine and dietary directions in the outpatient 
department, and an attempt was made to conti ol them outside the 
hospital 

In the last two yeais, sixteen of the many patients with gastric 
disturbance for many yeais (ranging anywheie from four to fifteen 
yeais of vomiting, hematemesis, melena and epigastric pam) consented 
to operation In all instances hyperacidity ranging fiom 70 to 120 cc 
of tenth-normal sodium hydroxide and great pylonc obstiuction were 
found, m most cases almost all of the test meal was returned after 
seven hours, and m some cases the remains of beans, native bread and 
other native food eaten as eaily as foity-eight hours before admission to 
the hospital were found in the stomach washings All the patients except 
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one were men, owing perhaps not to the greater preponderance of the 
disease among men, but to the fact that it is difficult to get the consent 
of the husbands for women to come to the hospital for operation The 
ages ranged from 17 to 55 years In all the patients except the 17 yeai 
old boy mentioned there were multiple healed ulcers, and occasionally an 
ulcer m the acute or chronic stage, the pyloric legion was converted 
into a hard, scarred fibrotic ring with the lumen greatly constricted 
In many cases the healed ulcers were on both the anterior and the 
posterior aspects of the pyloric portion of the stomach, and the stomach 
was adherent to posterior structures at several points, which proved to 
be scars of old ulcers In all these cases posterior jej unostomy was 
performed The patient, aged 17, had had symptoms of gastric ulcer 
for only six months, but he showed a great return of the test meal 
aftei seven hours As the patient was the servant of a government 
official, a fluoroscopic and roentgenologic study of the gastro-mtestinal 
tract was made at the small hospital of His Majesty, the King of 
Abyssinia This disclosed a definite niche just pioximal to the pylorus 
on the lesser curvature The roentgenogi am did not account for the 
failuie of food to move on quickly, the barium meal seemed to move 
out of the pylorus into the duodenum normally Operation disclosed 
an ulcer of the stomach exactly as seen in l oentgenograms , the p)lorus 
was entirely normal, but m the first inch of the jejunum there was a 
large chronic jejunal ulcer which had scarred down to such an extent 
that the lumen of the jejunum was almost obliterated An adequate 
posterior gastrojejunostomy was performed just distal to the constricted 
portion of the jejunum The patient had no more complaints, and the 
gastric ulcer healed spontaneously 

The director of the Negus Tafari Hospital of His Majesty the King, 
at Addis Ababa, informed me that his opinion on the relative frequency 
of gastric and duodenal ulcers among the black people m Abyssinia 
coincided with mine At this hospital roentgen diagnosis is made, but 
not m all cases, as most of the patients are indigent and as the cost 
of x-ray materials is excessive In most cases m which the roentgen 
rays have been used in the study of ulcer, however, gastric ulcers and 
pyloric obstruction were demonstrated by i oentgenograms and by 
fluoroscopy This hospital has averaged eight posterioi gastro- 
enterostomies for chronic gastric and duodenal ulcer pei year in the last 
three years, all m black persons It is peculiai that with 5,000 white 
inhabitants in Addis Ababa, not one white peison with gastric or 
duodenal ulcer has come to the two hospitals Hence, I would be forced 
to conclude from these statistics that gastric and duodenal ulcer is 
common among the black people, but rare among the white people 
Conversely, since the white population furnishes the cases for appendec- 
tomy, I would conclude that acute appendicitis is rare among the black 
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lace in geneial, but common in the white race The latter statement 
confoims with general surgical opinion 2 

When one seeks factors among the Abyssimans that differentiate 
them fiom the Negroes of Ameiica, one finds the most sti iking differ- 
ence m the diet Lessei factois, such as the fact that approximately 
95 per cent of the population is constantly the host of the beef tape- 
voim, the gi eater frequency of other helminthic parasites, especially 
A scai is lumb) icoides, and the greater frequency of syphilis ( from 90 to 
95 per cent of the population is infected), may be l uled out as helminths 
affect chiefly the lower pait of the bowel and as syphilis larely causes 
ulceis of the stomach A high peicentage of the Negioes of the United 
States have syphilis, hence one would expect gastnc ulcei to be common 
among them if sjphilis were a causative factor 

The striking thing concerning the Abyssimans is their diet The 
chief articles of diet are a heavy soui bread and a sauce that is approxi- 
mate^ 50 per cent cayenne pepper The sour biead is in the form of 
an immense thin pancake, pait of it is broken off, i oiled up in the 
f oi m of a cornucopia, plunged into the pepper sauce so that a few table- 
spoonfuls of the sauce fill the cone, taken into the mouth and, almost 
v ithout mastication, washed down with copious draughts of honey- 
watei My fiist native meal of bread and pepper sauce caused numerous 
herpes bhsteis about the mouth, and I have since eaten it only occa- 
sionally and then diluted 

When one considers the action of this pepper as a constant diet, 
one is led to expect gastnc derangements A standaid textbook on 
theiapeutics states 

Capsicum, USP (Cayenne Pepper, African pepper) Externally applied, 
capsicum excites burning and redness, and in concentrated form even vesication 
When taken internally m small doses, it produces a sense of warmth in the 
stomach, stimulates peristalsis and aids in the expulsion of flatus Large doses 
produce severe irritation of the gastro-intestinal tract, characterized by pain, vom- 
iting, purging and dysuria, with scanty dark-colored urine It is employed 
chiefly as a rubefacient, stomachic and carminative 5 

When one consideis that from the time native babes aie weaned 
approximately at the age of 2 yeais, until old age, the diet contains 
monotonously the same dishes of sour biead, peppei sauce, mildly 
intoxicating dunks and occasional beans, peas and slightly cooked or 
raw meat, it is not suipnsmg to find distuibances of the stomach a 
common occunence and, at an early age, a conti acted and seal red 
pylorus It would be intei estmg to compare the incidence of gastric 
ulcer m othei countries having a very high pepper diet with that of 
Abyssinia 

5 Stevens A Text-Book of Therapeutics, ed 6, Philadelphia, W B Saun- 
ders Company, 1923, pp 202 and 203 
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In considering any theory of the pathogenesis of gastric ulcer m 
Abyssinia, one is forced to lean strongly toward the theory that these 
ulcers are caused by a chemical action on the mucosal cells Hence one 
would support the so-called digestive or corrosive theory of the 
pathogenesis of gastnc ulcers The chronicity of the ulcers is, no doubt, 
due to the continuation of the chemical insults to the gastric mucosa 
This would be in harmony with Ivy’s 0 views that the chionicity of the 
ulcer is due to a general lowered resistance of the body and a period 
of temporary hypo-acidity or achylia A gastric mucosa that is fre- 
quently damaged by extiemely irritating food would respond immedi- 
ately by hypersecretion of gastric juice with increased acidity, but 
immediately following such penods of gastnc inflammation and hyper- 
acidity theie would be a shorter or longei period m which the gastric 
mucosa was readjusting itself, and diminished acidity would result 
Many of these patients with chronic gastric and duodenal ulcers are 
m a state of general lowered lesistance to all infection owing to mal- 
nutrition and occasionally to tropical diseases, such as frequent attacks 
of malana, relapsing fever, typhus and the dysenteries 

CONCLUSIONS 

The black people of Abyssinia represent an exception to the general 
rule that gastric and duodenal ulcers are laie m the black lace There 
is perhaps nothing m the black lace pei se that makes gastric ulcer 
uncommon m the Negroes of the United States The chief factor in 
the production of gastric ulcer among the Abyssmians is an unusually 
high red pepper content of the diet 

6 Ivy, A C Contributions to the Physiology of the Stomach, Arch Int 
Med 25 11 (Jan) 1900 



G ASTRO-INTEST I NAL MYIASIS 
repor i or \ case 

VLONZO F BRAND, MD 
tvsitti vim, x y 

Infestation ot \arious paits of the human body by dipteious laivae 
was piobabh lecognized by the ancients as early as the tune of Homer, 
who wiote of a man affected by maggots The first authentic case of 
myiasis, however, seems to ha ve been reported by Leeunwenhoek about 
the seventeenth ccntun when he desenbed an infected w^ound of the 
leg caused by fly larvae 

The hteiature contains numeious repoits of infestations of the ear 
and nose and of external wounds, but those of the gastro-mtestinal tiact 
are comparativcl) laic, there being but sixty-three cases leported to date 
Of these, twelve were caused by Fanma camculans or the black flower 
fly eleven by Musca domeshea 01 the common house fly, four by 
Fanma sealant six by Sat cophaga 01 the flesh fly, three by PtopJnla 
casci 01 the cheese maggot fly, twelve by Eustalis tenor or the drone 
fly one by CalUplioia ci ythi occphala or the so-called bluebottle fly, one 
by Antlwmyia ladicum or the mot maggot fly, and one by Musctna 
ttabulans or the stable fly , five cases were unclassified , in six cases there 
w r as a combination of two diffeient infesting flies, and in one case there 
w'ere tluec different types 

The case that I shall piescnt is one of gastro-intestinal myiasis 
caused b} Musca domettica and Stomo.xys ttabnlans This is the first 
case in the hteratuie, I believe, in which both flies were found, and 
it is but the second time the stable fly has been mentioned as the infest- 
ing agent The fiist case was repoited by Portschmsky m 1913 , and 
occurred in a Russian peasant This is also the first time that pupa 
cases have been lepoited as being found in the stools 

REPORT OF A CASE 

Iittloty — The patient was a white boy, aged 15 months, whom I delivered at 
the hospital Labor was uneventful, being a left occipito-anterior presentation and 
not prolonged The infant, however, had an elevated temperature for ten days, 
and on three occasions vomited a small amount of fresh blood On discharge 
from the hospital he seemed to be noimal The following five weeks w'ere spent 
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in a distant city Then the child was leadnntted to the hospital suffering from 
marasmus He weighed only 5 pounds 2 y 2 ounces (2 3 Kg) as compared w ith a 
birth weight of 6 pounds 14 ounces (3 Kg) On dischaige, three weeks later, he 
had gained to 6 pounds 10 ounces (3 Kg ) After three weeks’ stay at home he 
was again returned to the hospital, this time as a boardei He lemamed for two 
weeks, and was discharged weighing exactly 7 pounds (3 2 Kg ) 

The child was not seen again foi thirteen months Then the mother brought 
lum into the office complaining that for a little over a vear he had been having 
convulsions They recurred daily and varied from two to seven secures in 
twenty-four hours His appetite was extremely poor, the bowels moved once a 
day, and he urinated normally He was unable to sit or even to hold the head 
erect His diet was composed of a dried milk preparation, full strength, orange 
juice, cooked cereal and cod liver oil Increase oi the total intake or the addition 
of solid food seemed to cause a greater number ot convulsions One ) ear pre- 
viously he had passed many thread-worms which were identified as such by a phy- 
sician 

Examination — Physical examination revealed a pale child aged 15 months, with 
a somewhat imbecihc expression, uninterested in his surroundings He could neither 
sit nor hold the head erect The legs would not support the weight of the bod) 
He weighed 19 pounds (8 6 Kg) Onh three teeth had erupted instead of the 
usual tw r elve to sixteen normally found at this age V rachitic rosar) was present 
The urine w r as normal The blood count show'ed hemoglobin, 85 per cent, red 
blood cells, 4,850,000, white blood cells, 7,900, pol) morphonuclears, 31 pei cent, 
h mphoevtes, 68 per cent , basophils, 1 per cent , the ervthrocvtes w ere normal in size 
and shape Gastric anah sis w r as made , fasting content free hydrochloric acid, 
12 , combined acidity, 58 and total acidity, 70 , one-half hour test meal free 
lndrochloric acid, 11, combined aciditv, 14, and total aciditv, 25, one hour test 
meal free h)drochloric acid, 13, combined aciditv, 12, and total acidity, 25 The 
examination otherwise gave essentially negative results During the examination 
a convulsion occurred beginning with a tremor of the right side of the face, then 
extending to the right arm and leg and finally spreading to the whole of the bodi 
It lasted for several minutes 

Cow sc — After a five weeks’ treatment consisting of tw'o ultraviolet madia- 
tions per week and an increased diet oi various fresh vegetables, the convulsions 
decreased to one about ever) four da)s The) w'ere much milder It W'as at this 
time that the mother stated that the child was passing some “white worms” in the 
stools She was instructed to bring the diaper immediately if this occurred again 

During the sixth w'eek she came to the office with a fresh stool as directed 
lhe diaper was found to be alive with maggots wdnch w r ere mixed throughout the 
stool They w'ere a dirty gray, about 1 cm in length, and propelled themselves 
like caterpillars They were composed of about tu'elve segments with a black dot 
at the anterior pointed extremity 

On further examination of the stool numerous brown pupa cases w 7 eie found, 
which w 7 ere about one-fourth inch (0 6 cm) m length At this time neither the 
larvae nor the cases could be identified Eight of the pupa cases, however, were 
placed in a tightly covered glass jar and kept at room temperature Several da)s 
later the cases w’ere found open, and the adult flies flying about in the container 
These together w T ith the larvae and empty pupa cases were taken to Prof Norman 
Phillips of the Zoology Department of Syracuse University, w'ho identified the 
larvae as those of Musca domcstica and the adult flies as Stomows stabulans 
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This identification was later confirmed bj Prof O A Johannsen of the New York 
State College of Agriculture at Cornell University A peculiar thing was that all 
of the larvae weie of the Musca domcstica species, while all of the adult flies were 
of the Stomoxys stcibulans type 

The mothei stated that a week previously she had found se\eral similar mag- 
gots on a diaper which contained no fecal matter, but had merely been soiled by 
urine She said that the diaper had been perfectly clean when it was put on, 
having been boiled and laundered that same day 

Thiee weeks after the discover}'- of the first larvae, the child became 
restless and cried a great deal, whereupon the mother gave him a large dose of 
castor oil The nc\t day there were again maggots present in the stool in great 
numbers Tins time thev were smaller These, unluckily, were not sent in for 
identification 

Nine weeks latei lar\ae were found in the curds of milk vomited by the child 
These, also, were smaller than the first During the following week a portion of 
fecal mattei which contained no larvae or pupa cases on examination was placed 
in a cov ered* ( «tcnbzed container, and twentv-four hours later was found to con- 
tain numerous very small maggots 

Shortly after this, on Octobei 12, the family moved into another home 
Strangeh enough, no more larvae 01 ova were evei again demonstrated in the 
stools, although a thorough search was made foi six weeks Whethei the new 
home surioundings or the time of }ear influenced this, I cannot say 

Three months latei the child’s convulsions had entirely subsided, none having 
occurred foi over ten weeks He could hold the head eiect and sit with little 
help He looked and acted more like a normal child The appetite was better, 
and he had ten teeth His weight was 30 pounds (13 6 Kg) 

Outside of the ultraviolet rays and dietetic measures, the only treatment that 
he leceived was an enema of double strength saline solution morning and evening 
foi about three weeks No drugs were given by mouth 

COMMENT 

The mode of infestation in cases of gastio-intestmal myiasis is still 
a mattei of hypothesis Theie aie several ways m which a person might 
become infested (1) The ova might be ingested in the food, (2) the 
laivae might be ingested in the food, (3) a fly attiacted by the food on 
the lips might lay the eggs heic, and the patient might cairy them into 
the stomach in this wav , (4) cases have been lepoited m which the fly 
has deposited the eggs aiound the anal oi unnaiy orifice and on hatching, 
the Jcii vae have migiated into the rectum oi the urethia 

In the case lepoited heie the fust suggestion is piobably the collect 
one, foi it has been seen that a poition of fecal matter containing no 
laivae on passage contained many very small maggots aftei being kept 
foi twenty-foul horns This indicates that the ova must have been m 
the stool Fuitheimoie, the gieat numbei of laivae found at one time 
makes it unlikely that this quantity could have been taken without being 
noticed The fact that the child vomited small laivae indicates that the 
ova were piobably taken by mouth and hatched m the stomach and not 
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acquued thiough the lectum The loweied lesistance of the child, 
togethei with the low acid content of the stomach, probably accounts for 
the nondestruction of the ova by the gastnc juices 

Chatm’s expenments with larvae taken fiom one of his cases shows 
that they not only lived for seveial days completely immeised m oil 01 
water, but also survived when mtioduced into the stomachs of vanous 
mammals He also proved then powei of lesistance to gastnc juice 
and then small need of oxygen 


Lire History 


Musca Domcstica 1 
Adult lavs from 75 to 150 eggs at 
intervals of from 3 to 4 days lr from 
2 to 4 layings 

Eggs hatch in from 12 to 24 hours 
Larva stage lasts from 4 to 6 days 
Pupanum lasts from 5 to 7 days 
From egg to adult in from 10 to 14 
days 

Adult lives from 30 to 60 days 
May hibernate in the winter 

Usuallv lajs eggs in excrement, 
especially in manure heaps 
Larvae lives best in manure but may 
exist in decaj ing fruits, moist bread or 
cereals 

Larva is strongly, negatively helio- 
tropic 

Females begin to deposit eggs from 
9 to 12 days after emerging from the 
pupa case 


Stomoxys Stabulans 2 
Adult lays from a few to 122 eggs m 
clumps of from 3 to 25 m 3 or more 
la} mgs , greatest number during life is 
632 

Eggs hatch in from 1 to 3 days 
Larva stage lasts from 11 to 30 dais 
Pupanum lasts from 6 to 20 days 
Fiom egg to adult in from 14 to 25 
da} s 

Adult lives from 2 to 29 days 
Usually pass the winter m the laiva 
state 

Usually lavs eggs m straw or manure 
heaps 

Larva is susceptible to heat oi dn- 
ness 

Lana is destioyed by bright light 
Pupa are resistant to heat and dn ing 


The life histones of the two species found is of intei est because by 
comparison it is ceitain that the ova must have been ingested at dififeient 
times, otheiwise the pupa cases of Stoiuoxys stabulans would not have 
been found at the same time as the larvae of Musca domestica Ref- 
eience to the compaiative table of life histones of these two flies shows 
that it takes from twelve to twenty-four hours to hatch the ovum of a 
house fly, and that it stays m the larval state for from foui to six days, 
while the stable fly requires fiom one to thiee days to hatch and remains 
a larva for from eleien to thirty days befoie pupation 

1 Hewitt, C Gordon The House-Fly, London, Cambridge University Press, 
1914, pp 301-308 

2 Bishop, F C The Stable Fly, Farmers Bull 1097, Washington, Dept of 
Agriculture, U S Printing Office 
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Authonties clifiei as to the symptoms and seventy of gastio- 
mtestinal myiasis Oslei said that the laivae may cause no symptoms or 
may cause senous intestinal ulceiation manifesting itself by a dysentenc 
disease, with at times a fatal result Anders simply stated that the 
condition may occui Eugene Whitmoie ' 5 said that nausea, vomiting 


A List of the Case Repoits of the Internal Infestation of Man by Dipt eta 


Fanma camcularis 

Tulpius 

1C72 

Stephens 

1905 

Cattle 

1900 

Blankinej er 

1907 

Hewitt 

1909 

Clic\ ril 

1909 

Garrood 

1910 

Solan 

1910 

Blankmej er 

1914 

Franchim 

1924 

Hart 

1912 

Theobold 

1901 

Snrcohnga 

Higgins 

1890 

D Keilin 

1925 

Blnii (2 cases) 

1927 

Cairns 

190G 

Wold 

1913 

Plopliila cnsci 

Theabault 

1901 

Pans 

1913 

\uctm 

Calliphora crj throccphala 

Vustin 

1905 

Antliomyia radieum 

Austin 

Fanma scalaris and 

Tannin caniculnris 

Tern n c 

1S39 

Croko\ 

Musca domestica 

Lublinski 

1SS5 

Cohan 

1S9S 

W ir=ung (2 cases) 

190G 

Hen itt 

1909 

Nicholson (3 cases) 

1910 

J’Clt 

1913 

V M Jones 

1913 

John Rennie 

1927 


Fanma scalnris 


Lnboulbens 

1850 

Judd 

187G 

Austin 

Riley and Johannsen 

1901 

Eristalis tenax 

Odhehus 

17S9 

Wagner 

1S70 

Leidy 

1S74 

Riley 

1890 

Riley and Hon ard 

1890 

Shettuek 

1908 

Hall nnd Muir 

1913 

R Taggioll 

1927 

Files of U S Bureau of Entomology (4 


cases) 1005, 1905, 1900, 1910 


Muscini stabulnns 

PortschinsKj 1913 

Fannin camcularis and 
Musca domestica 

\ustin 

Cockayne 1912 

Tannin camcularis and 
Musca con iru 

Stephens 1905 

4nthomyia and Snicophnga 
F C Wellman 

intliomyia camcularis, Musca doimstica 


and Eristalis tenax 


E F Campell and II J Corper 

1909 

Unclassified Types 


Chichester 

1S1G 

Hope (3 cases') 

ls40 

Robmcau Dcs^ only 

1849 


and pam may be piesent if the laivae aie in the stomach, while cohck) 
pain and hemonhage may ensue if infestation is intestinal 

In a study of the sjmptoms of sixty-three cases found in the liteia- 
tuie, I found that vomiting was piesent in twelve, nausea only m five, 
constipation m thiee, diairhea m eleven, bloody stools m seven, 
abdominal pam m twenty-one, anemia m six, headache m four, lestless- 
ness m five, convulsions m one, loss of sleep m two, vertigo in two, loss 


3 Whitmore, Eugene, m Tice Practice of Medicine, Hageistown, Md , 
W F Prior, Inc , 1924 
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of weight m seven, dry cough m one and no symptoms in foui The 
species of fly did not seem to influence eithei the severity 01 the kind of 
symptoms 

Several treatments have been suggested by as many different phy- 
sicians Those most popular seem to be the use of santonin, pepo, oil 
of chenopodium 01 thymol 

While the hteiature contains only a compai atively few case repoits 
of internal infestation of man by dipteious insects, it is probable that 
this condition is more common than is generally supposed 

A list of all the cases found, including the authoi, year repoited and 
the infesting agent, is given m the accompanying table 



PRIMARY BACILLUS PYOCYANEUS MENINGITIS 


REPORT Or A CASE WITH RECOVERY ' 

WARREN T VAUGHAN, MD 
REGINA BECK, MD 

AND 

TURNER S SHELTON, MD 

RICHMOND, VA 

Pnmaiy systemic Bacillus pyocyaneus infection is mfiequent enough 
to meiit discussion This oiganism is usually consideied as being ot 
low pathogenicity , manifesting its piesence occasionally as a secondaiy r 
imadei m localized pyogenic processes Indeed, it has been found as an 
apparently nonpathogemc cutaneous paiasite, showing some predilection 
foi wairn, moist, flexoi sui faces It is found as a secondaiy mvadei 
in such conditions as fui uncles, infected wounds and septic pneumonia 
It was formerly thought that even in these local infections B pyocyaneus 
occuned only as a nonpathogemc paiasite 

Kossel 1 collected a few cases from the hteiatuie, all m childien m 
whom a fatal illness was found to be due to an infection of the blood 
Stieam with this organism In anothei leview of the hteiatuie, Roily 2 
collected a senes of cases of infections of internal oigans in which 
Bacillus pyocyaneus was either the sole or an associate mvadei In this 
list weie such diseases as pel ltyphlitis, pyelonephntis, fistula, mastitis, 
prepatellai buisitis and panophthalmitis Involvement of decpei tissues 
was represented by abscess of the liver, endocarditis and a case of menin- 
gitis m a child, leported by Kossel He added to the list a fatal case of 
his own, m which B pyocyaneus septicemia with meningitis developed 
m a woman after an incomplete aboition The oiganism was isolated 
ante mortem fiom both the blood and the spinal fluid 

In a study of 12,000 autopsies, Fiaenkel 3 concluded that B 
pyocyaneus was the pnmaiy mvadei in only 13 cases In 1917, he 
piesented a study of 26 cases of primary pyocyaneus invasion m 
which there weie 21 children under 2 years of age and 5 adults He 
obseived cases of otitis, ententis, ecthyma gangiaenosum, endocaiditis, 
sepsis and others, due duectly to infection with this organism He 

~ Submitted for publication, June 23, 1930 

1 Kossel Ztsclir f Hyg u Infectionskr 16 368, 1894 

2 Roily Munchen med Wchnschr 29 1399, 1906 

3 Fraenkel, E Virchows Arch f path Anat 183 405, 1906 , Ztsclir f 
Hyg u Infectionskr 84 369, 1917 
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concluded that it may act not only locally and with the production of 
toxin, but also through the actual invasion of the internal oigans He 
expressed the belief that although this geim is raiely the pi unary cause 
ol disease, nevertheless, the majority of such infections are acute, and 
fatal almost without exception 

Kliewe and Koch 4 5 6 descnbed the usual clinical picture of general 
pyocyanens infection as being accompanied by dyspnea, cough, dial rhea, 
hemorrhagic spots m the skm and splenic enlargement Certain clinical 
s) mptoms have been mentioned as being characteristic of pyocyaneus 
septicemia, notabl) nausea, vomiting and diarrhea, pronounced dyspnea, 
a hemorihagic eiuption and splenic enlargement Roily found that while 
these S) mptoms are often present and suggest the possibility of 
pyocyaneus infection, these and other pathologic changes differ in no 
w'a) from those found m septicemia and sepsis due to other bacteria, 
and he concluded that diagnosis can be made only on the basis of a 
positne pyocyaneus culture 

The organism appears to have a predilection for the lymphatic 
tissues Fiaenkel described several cases, especially m children, in which 
the poital of entr) appears to have been the oial mucous membrane or 
the lymphatic sr stem, especially the Peyer’s patches In the mouth and 
the intestine, the local infection may progress to the stage of neciosis 

PYOCYANEUS MENINGITIS 

B pyocyaneus infection of the meninges is undoubtedly lare Neal”’ 
stated that she had seen one case of meningitis due to this organism 
Puce’s 0 British textbook did not mention B pyocyaneus as a possible 
cause of suppurative meningitis Christian’s “Oxford Medicine” 7 8 made 
no mention of the disease Cecil’s s American textbook mentioned its 
occurience 

Of those few r cases of pyocyaneus meningitis repoited, the majoi- 
iB have been consequent on a recognizable case such as trauma 
or lumbar puncture, oi they have occurred in association with a 
generalized infection The case described by Roily, previously referied 
to, accompanied a general septicemia 

4 Ivliewe, H and Koch Pyoc} aneus Meningitis, Munchen med Wchnschr 
71 867 (June 27) 1924 

5 Neal, m Tice, Frederick Practice of Medicine, Hagerstown, Md, W F 
Prior Company, Inc, 1924, vol 10, p 255 

6 Price, Frederick W A Textbook of the Practice of Medicine, New 
York, Oxford University Press, 1929 

/ Christian, Henry A Oxford Medicine, New' York, Oxford University 
Press, 1927 

8 Cecil, Russell L, and Kenned}, Foster A Textbook of Medicine, Phila- 
delphia W B Saunders Compan}, 1927 
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That case descnbed by Gaucheiand and Pigeaud 0 left one m doubt 
as to whethei they weie dealing with a case of puie meningitis 01 a 
concomitant infection of the blood stream At dehveiy, the mother was 
found to be suffenng fiom septic endometritis On the fouith day 
signs of meningitis developed in the infant Aftei three weeks a pio- 
nounced hydrocephalus had developed, and Bacillus pyocyaneus was 
isolated from ventncular punctuie Apparently only the biain was 
examined at autopsy on the thu ty-seventh day Cluari 10 discussed the 
occuuence of pyocyaneus meningitis and pericarditis in infants In 
Abt’s pediatrics, Cooke descnbed pyocyaneus septicemia m the new- 
born, stating that there may be associated meningitis, but he did not 
mention the possibiht) of a pi unary pyocyaneus meningitis without 
septicemia 

Tiauma may be the means of implantation The case of Abadie 
and Laroche 11 followed an mjuiy to the skull The patient lecoveied 
The case descnbed by Palazzo and Ottolenghi followed a gunshot 
w r ound of the doisal part of the spine In this case the patient also 
lecoveied aftei foui months’ illness He was treated with an autog- 
enous vaccine Abadie and Laioche’s patient w^as tieated with mtia- 
spmal injections of 3 cc of Ins owm blood seiuin 

Lumbar punctuie appears to have been lesponsible foi a number of 
cases That of Sonnenschem , 13 followed by a few houis a diagnostic 
lumbai punctuie At autopsy, abscess of the biam oi airy othei possible 
antecedent etiologic factor was not found Levy and Cohen’s 14 case 
occuned m a syphilitic patient following a diagnostic lumbai punctuie 
The patient lccmeiecl aftei live months 

Chauffard and Laioche 15 repoited a case of pyocancus meningitis 
developing in a person wdio had been receiving mtiaspmal tetanus anti- 
toxin The blood lemamed stenle and the patient lecovered 

9 Gaucheiand and Pigeaud Meningitis from Bacillus Pj'ocyaneus in a 
New-Born Child Fatal Case, Bull Soc d’obst et de gynec 17 74, 1928 

10 Cluari, H Bacterium Pyocyaneus Infection Producing Meningitis and 
Pericarditis in Infants, Centralbl f allg Path u path Anat 38 483 (Oct 15) 
1926 

11 Abadie, J, and Laroche, G Pvocianeus Meningitis, Bull Acad denied, 
Pans 80 15 (July 2) 1918 

12 Palazzo, R, and Ottolenghi, C E Pyocyamc Meningitis, Re\ sud -am 
de endocrinol 11 616 (Sept 15) 1928 

13 Sonnenschem, C Pyocyaneus Meningitis, Klin Wchnschr 2 1758 (Sept 
17) 1923, Fatal Meningitis After Lumbar Puncture, Deutsche med Wchnschr 
49 881 (July 6) 1923, abstr in J A M A 81 1324 (Oct 13) 1923 

14 Levy, I I, and Cohen, A E Pyocyaneus Meningitis After Lumbai 
Puncture, J A M A 85 1968 (Dec 19) 1925 

15 Chauffard, A , and Laroche, G A Case of Pyocvaneus Meningitis, Bull 
et mem Soc med d hop de Paris 41 646, 1917 
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In Schlagenhauf er’s 10 five cases the meningitis det eloped following 
lumbar anesthesia Sonnenschem collected eight such cases from the 
hteiatuie 

PRIMARY PYOCYANEUS MENINGITIS 

Kliewe and Koch 4 described a case of meningitis in a child aged 
3 yeais that appears to have been a spontaneous infection without 
antecedent trauma or lumbai punctuie, the only probable source being 
a preexisting aphthous stomatitis The classic symptoms, with opis- 
thotonos, positne Ivermg sign, stiff: neck and symptoms of lintation of 
the pyiamidal tiact developed The spinal fluid piessuie was mci eased , 
the cell count was 200 per cubic millimeter, and B pyocyaneus was 
ieco\ered from the spinal fluid The child reco\eied giadually aftei 
having fevei foi eighty days At dischaige, the spinal fluid still showed 
a slight increase in albumin, a cell count of 32 and a stenle cultuie 
Summarizing the available hteiatuie, one may conclude that B 
pyocyaneus meningitis is lare, and that when it does occur it is usuall) 
secondaiy to a blood stream infection or to direct implantation follow- 
ing trauma oi lumbai punctuie Theie has been at least one case m 
which primal y meningitis appeals to have followed local infection m the 
mouth 

REPORT Or CASE 

Miss A R, aged 40, dated the onset of her symptoms fiom the middle of 
May, 1928 The onset followed a mild cold in the head, and the symptoms con- 
sisted of frontal headache, followed later by severe pains in the neck, the region 
of the right elbow and the fleshy part of the right lnp These various pains, 
at times severe enough to require morphine for relief, were intermittent and there 
were periods when she was entirely free from discomfort When the patient 
was first seen on Maj 26, the temperature v’as normal 

A detailed examination on May 26 gaie essentially negative results From 
this date to July 9, at which time she v r as admitted to the hospital for diagnostic 
lumbar puncture, the sjmptoms gradually became more severe, but throughout 
the month of June she remained up and about most of the time Her temperature 
did not exceed 99 6 F 

Rhinologic consultation on June 22 reiealed no evidence of sinus disease and 
no pathologic condition other than chronic tonsillitis and mild chronic hj pertropluc 
rhinitis Detailed physical and neurologic examinations on July 5 again gave 
negatne results The laboratoiy studies, including a hemocytologic examination, 
a Wassermann test of the blood, chemical analysis of the urme and determinations 
of nonprotein nitrogen and sugar in the blood w r ere likewise negatne Roentgen 
examination of the sinuses and sella turcica on July 9 gave negative results 

Diagnostic lumbar puncture on July 9 revealed a cloudy spinal fluid under 
distinctly increased pressure with a cell count of 1,882, of which 83 per cent v r ere 
polj morphonuclears and 17 per cent were lymphocytes The Noguchi globulin 
reaction was strongly positive A gram-negative motile bacillus grew on culture 
Directly following lumbar puncture, the patient’s temperature rose By the 
next day, July 10, she presented the characteristic symptoms of meningitis with 
stiff neck, positne Ixernig sign and a slight external squint of the left eje 

16 Schlagenhaufer Zentralbl f Bakteriol 59 385, 1911 
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A second lumbar punctuic on July 11 icvealed a cell count of 3,800, and the 
same giam-negat ne motile bacillus was isolated Both the blood culture, started 
on the same da\ , and the Widal test wei e negative 

On Jul} 12 \ enti lculogiaphy was peifoimed in a search for possible abscess 
of the brain The lesults were negative Howevci, immediately following this 
operation the patient began to miproic, and the temperatuie began to fall No 
new neurologic signs became manifest thoughout the remainder of her illness 
Three dais after operation, lumbar punctuic showed a clear fluid with about 100 
cells per cubic millimeter The patient was dischaiged from the hospital on July 
21, nine dais after the opeiation At that time the tempeiatiue ivas normal, but 
she was still slight!} it rational The latter sunptom cleared up a few days after 
hu iclurn home She had rammed well when last observed (June, 1930) 

A specimen of spinal fluid obtained July 16 agglutinated the autogenous B 
pyocynucus in \ dilution ot 1 60 0 lie blood scrum did not agglutinate the 

organism 

A diagnosis oi basila* meningitis due to B pyocyancus infection was made 
Laih in the patients conialesccnce a nasophanngeal sivab ivas obtained 
/> pyoc\(nuus did not appear in the cuUure from this swab 

The following hboiaton studies were made on the specimen of the spinal 
fluid obtained Juh 10 The fluid was cloudi in appeaiance The cells numbered 
3 200 75 pu cent were poll morplionucleai s and 25 per cent l}inphocytes The 

globulin reaction was 4 plus, and the colloidal gold curie, 0000011100 The Kahn 
test gaic a iciction of 2 plus, the Kolmet test was slightly anticomplementai} , 
and there was 21 mg of sugai per hundred cubic centimeters Dnect smeai 
showed mans giam-ncgatne bacilli, morphologically resembling typhoid bacilli 
except that some were somewhat giealet in length A hanging drop preparation 
made from the spinal fluid showed a icn motile bacillus Culture mediums gaie 
the following results Roscnow’s biam broth was cloudy and gieen after fise 
da} s Plain broth was turbid, with a thin scum, it ivas pale green aftei fise 
dns Locfllu’s medium became liquefied and btosvnish On plain agar, a moist 
whitish giow th was noted, the culture was a sciy palo gieen in the butt of the 
tube on the tlmd da} Both Russell s double sugar and Kendall’s double sugai 
mediums wuc negatne foi acid and gas Litmus milk shosved coagulation and 
no acid This medium staitcd to clear at the top on the second da} Digestion 
of milk w is noted, the liquid was muddy }ellosv m five da}s Sacchaiose was 
negatne for acid and gas and pale gieen on the second da} Dextrose, lactose 
maltose, munmte and kiulosc wuc all tin bid and negative for acid and gas No 
color was noted 

An emulsion of oiganisms ivas made from the broth cultuic These organisms 
were agglutinated against the patient's serum The result ivas negative This 
same emulsion was agglutinated against a second specimen of spinal fluid col- 
lected on Julv 16, and agglutination ivas positive in dilution (1 60) A specimen 
of noimal spinal fluid could not be secured for a control, but organisms did not 
agglutinate in the patient’s scrum oi in the salt solution conti ol 

On July 13, 3928, a culture of the blood was negative after six days’ incuba- 
tion 

A second specimen of spinal fluid was collected on July 16 It was cleai in 
appeaiance The cell count ivas 102, 37 pci cent iveic polymoiphonuclears, and 
63 pci cent iveic limphocites The globulin test gaie a reaction of 4 plus, the 
colloidal gold cmve was 1111234210 (a cuivc t.ipical of meningitis) A. culture 
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of the spinal fluid was negative Wassermann and Kahn tests made on a second 
specimen of spinal fluid were negative Wassermann and Kahn tests of the 
blood were negative 

After standing at room temperature for five days the first specimen of spinal 
fluid 'was green 

COMMENT 

This case showed some points of similarity with that descubed by 
Sonnenschem In the lattei, a lobust man, aged 20 had had symptoms, 
especially headache and pam m the left leg foi the preceding ten months, 
dating from an injuij'' to the head He did not have fever A Wassei- 
mann test of the blood was negative A few hours after a lumbai 
punctuie yielding clear spinal fluid, the chaiactenstic symptoms of 
meningitis, with fever developed Four days latei the spinal fluid 
showed an increased cell count, and from it B pyocyaneus was culti- 
vated The blood serum latei agglutinated this oigamsm m a dilution 
of 1 200 The patient died on the ninth day of his illness 

At autopsy, a puiulent spinal and basilai meningitis was obseived 
Pus was also found in the thud and fouith ventncles Abscess of the 
bram was not present The internal organs showed no changes othei 
than a few patches of eiosion in the small intestines B pyocyaneus 
was cultiv ated from the ventncles, the meninges and the spleen 

Aside fiom the cleai fust specimen of spinal fluid and the ultimate 
outcome, the cases are parallel Our own case appeals to substantiate 
the common belief that B pyocyaneus is an oigamsm of low virulence 
Othei cases of recovery pienously cited give fuither confirmatoiy 
evidence It seems to us that even with a negative first specimen of 
spinal fluid, it is possible that the patient in Sonnenschem’s case had 
been suffering fiom a low grade localized basilar meningitis of rathei 
long duiation that became disseminated following lumbai puncture 
This is merely suggested as an altei native explanation 

Schneider 17 described a case following spinal anesthesia in which 
the infection appears to have been primary in the meninges, but also to 
have spiead to the blood stieam, and in which lecoveiy took place aftei 
eighty-four days of illness It is of intei est that in his case also, the 
patient was often ap}- retie, with flaieups of tempeiatuie immediately suc- 
ceeding the lumbai punctuies He attnbuted lecoveiy m his case to the 
mtraspinal injection of a djestuff and the intravenous injection of a 
silver piepaiation 

The diversity of therapeutic measuies apparently successful in cases 
in which the patient has recovered (dyes, autogenous vaccine, intia- 
spinal autoserotherapy, decompiession and spinal diamage) lends color 
to the assumption that in these cases theie is some natural tendency to 
recov er 

1/ Schneider, Hans Zur Klinik und Therapie der p)ocvaneus Meningitis, 
Wien klin Wchnschr 37 65 (Jan 17) 1924 
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Nature has piotccted the cential nerxous sy stem and its meningeal 
co\ enng with the greatest caie against imasions fiom without The 
barnei s are chieflx mechanical and aie adequate enough for nearly all 
contingencies Probabh as a icsult the local nnmumtx bamers aie 
les< abundant and less eltectixe than in other tissues more exposed to 
external contact As a consequence bacteria that under oidman 
cucumstances are of low pathogenicity 01 e\en usualh without patho- 
genic action in man may proxe to be highh infectious and e\en fatal 
m the exent that then find then wax to the meninges 

The lclatixe frequency ol lecoxeix irom meningitis due to this 
decidedly infrequent oigamsm lecoxen in tissues inadequately equipped 
mununologically indicates that the low pathogemcitx of B pyiuyanat* 
is due not so much to a high degiee of immunity on the pait ot the 
tissues as to a low mxu"nene"s on the part ot the nucio-oiganism 

coxci c sioxs 

From a study ot the caw herein icpoited and a lcxiew ot the axail- 
able hteiatme. it becomes exident that the case piesentcd is of especial 
interest because ot the following factois (1) puniaix pvocyaihits 
meningitis with minimal s\ "tonne and localizing symptoms and xxith 
no recognised poital of cntix , picsumabh the infection cnteied thiough 
the Ixmphadenoid tissues ot the uppei pait of the lespnatoix tract 01 
through "inulai tissues of the digest i\c tiact sucli as the Fexei s patches 
(2) absence of the tlucc lecogm/able etiologic factois found in othei 
cases m the hteiatme, natnelx, tiauma to the hi am oi spine lumbar 
puncture oi pvoivaiicm septicemia ( x) secnnngh good theiapeutic 
results fiom decompicssion , (4) exidcnce of the local chaiactci of the 
infection as seen in the dexelopmcnt of agglutinins m the spinal fluid 
but not in the blood stream. (5) rapid iccoxciy m contiast to the two 
other general txpes of cases heietofore desenbed (o) lapid, fatal 
progression, and (b) a long chaw n out leciudcsccnt illness and (6) exi- 
dcnce that exen m 7> pyocancus meningitis one is dealing xxith an 
organism of relalixeh low mxasncncss 
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Die Hypertoi\ iexrankheiten By Eskil Kylin Second edition Price, 
22 marks Pp 270, with 28 graphs Berlin Julius Springer, 1930 

After four years of additional study Kylin offers a thoroughly revised and 
enlarged edition on hypertension adapted as a text for physicians Dealing as it 
does with a subject so basically controversial and in connection with which there 
is such a paucity of complete data, the book is refreshingly free from metaphoric 
aphorisms, rehash and startling therapeusis The bibliographic background, as 
well as his own research, is wide and authoritative 

Kylin first investigates the normal values of the arterial and capillary pressure 
On consideration of an extensive critique of the clinical methods and statistics 
he establishes the normal systolic arterial pressure as from 100 to 145 mm of 
mercury under 40 years of age, and from 145 to 150 mm over that age Daily 
fluctuations are not in excess of 15 mm The normal capillary pressure is from 
80 to 200 mm of water, with daily variations not exceeding 40 mm The values 
for capillary pressure are independent of age The normal anatomy and physiology, 
as well as the permeability and pathologic physiology of the capillaries, are 
detailed with erudition in relation to the maintenance of the blood pressure 

The mechanism of hypertension is then studied The insignificance of the 
cardiac factor, blood volume and viscosity as well as sclerosis of the larger 
vessels, is proved Attention centers on the arterioles and capillanes Experi- 
mental and clinical evidence negates the origin of hypertension from renal, 
metabolic product retention, epinephrine or unknown pressor sources The modern 
conclusive concept, brilliantly supplemented and summarized by Kylin, identifies 
hypertension with changes m the capillaries and arterioles Renal changes are 
secondary throughout 

Clinically, the hypertensive diseases exist in two groups essential hypertension 
and acute universal capillaropathy (so-called acute glomerulonephritis) 

Essential hypertension is seen as a hereditary, constitutional, autonomic, vaso- 
motor neurosis with hormonal disturbances Constitution, the vegetative system 
and the endocrine glands are inseparably involved in the abnormal reaction of the 
body The abnormal reaction is manifested in a multiplicity of phenomena 
Patients or their famdies tend to have diabetes, gout, adipose constitution, asthma, 
migraine, spastic colitis and vasomotor disturbances The onset often occurs at 
the menopause Raab’s remarkable research determining a hv persensitivity of the 
vasomotor centers of hypertonic persons to the carbon dioxide content of the blood 
is cited The essential hypertonic patient inclines toward vagotonia The blood 
potassium is high, the calcium and the cholesterol, low The reaction to epinephrine 
is paradoxic An insulin depressor effect is more decided The compensatory 
hypoglycemia following a test on the sugar tolerance is moie marked In addi- 
tion, there is slight hyperglycemia, diminished sugar tolerance and a flattening 
of the epinephrine blood sugar curve The patients are intolerant to heat 

In essential hypertension the capillaries are normal, as to both morphology 
and tension The arterial piessure is at its highest in this form of hypertension 
and is based on arteriolar spasm Extensive daily fluctuations up to 100 mm 
of mercury are characteristic and attest to the concept of a functional vasomotor 
disturbance Diffuse artenolosclerosis, which is a concomitant pathologic change 
is similarly interpreted as an end-stage of arteriolar work-hypertrophy Of 
interest is the therapeutic benefit of atropine, calcium, extracts from the sex glands 
and injections of nonspecific protem 

Acute universal capillaropathy is subdivided into the postinfectious type 
(so-called acute glomerulonephritis) and that of pregnancy, which are basically 
similar 
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Pathogcmcallv, a tos.ni on the one hand stieplococcic, on the other presumably 
of placental origin — is held icsponsible The toxin produces a universal capillaiy 
dilatation with an axon reflex conti action of the arterioles The vessels of the 
Icidnej arc merch more sensitive and hence more involved Further injury is 
evidenced b\ morphologic changes in the capillaries The piimary site of action 
is the capillar} , the arteriolar 1 espouse is secondary 

Ihc capillars pressure rises to fiom 300 to 400 mm of water with daily 
fluctuations up to 130 mm The ai tonal pressure rises moderately and shows 
onh insignificant daih variation Edema is based on the increased permeability 
of, the capillai ics This ma} be due to changes in the wall of the capillaries, 
increased lndiostatic prcssuic oi diminished osmotic pressure of the blood Changes 
in the C} egrounds constitute advanced organic vascular injuries Kylin emphasizes 
the fact that the rise in capillai} and arterial pressure, as well as edema, precedes 
the uriinr} s.vniptoms Renal changes ate onl} secondar} As regards the output 
ot water, the kidnev in itself may not be involved as the tissues bind the water, 
thus, scvcic oliguria mav suddenlv be followed by a marked pol}una and relief 
from edema J'he blood shows a low value foi calcium and protein, and low 
osmotic pleasure 

Lastlv Ivvlm comidci s the peimancnt diseases of lwpertension as end-stages, 
often bung combination forms of essential lnperlension and acute diffuse capil- 
laropatln Tlicv are the ie«ult of irreversible oigamc vascular changes 

It is a review that nukes evident Kvlin’s broad grasp of the subject as well 
as lus thorough knowledge of the hteratuie It is a distinct record of advance 
in understanding a group of clinical manifestations that are of ever increasing 
importance and Kvhn’s own conti ibntions m the field plav a distinct role in this 
understanding 

Cvxctr oi mu Luxe, vxn Oun k Ixtr vtiioracic Tuviours By Maurice 
Dvvidsox Price $5 50 Pp 173 New York William Wood & Company, 
1930 

When \dkr wiotc lus monograph on “Priman Malignant Growths of the 
Lungs and Bronchi’ m 1912, cancer of the lung was looked on by most physicians 
as an interesting rant} almost as difficult of diagnosis as of treatment Since 
that tune the picture has changed m man} icspccts, but most remarkably in 
regard to the frequenev of pnmarv, malignant pulmonary disease Since 1918, 
the hteratuie of the entire world has been flooded with articles on the subject, 
indicating a world wide increase m the frequenev of this condition Few authors 
arc found to doubt that this increase is ical and not one of the common false 
trails of medical st ilistics Although admittedly the development of roentgenology 
Ins disclosed vasllv more cases than were recognized ante mortem in earlier 
davs the routine aulops} observations throughout the world have shown that a 
vasth larger proportion of dead bodies examined during the past decade exhibited 
pnmarv cancel of the lung than did the bodies examined in the same institutions 
in previous vears Hence this monograph bv Davidson, of the Biompton Hospital 
foi Consumption and Diseases of the Chest m London, is altogether timely 

Davidson discusses the statistical evidence, and is convinced of a genuine 
incieasc m fiequcnc}, but is unable to advance an explanation on the basis of the 
facts and thcotics so fai advanced FIc mciely makes the judicious statement, 
“It seems reasonable to suppose that for an explanation of the increase in primary 
carcinoma of the respirator} tiact vve must look to some factor which since the 
period of the war has begun to opciate in gi eater degree and which through the 
production of specific tissue n citation, mav account for this hitherto unusual 
localization of malignant disease in such individuals as are especially susceptible ” 
The discussion of pathologic anatomv and etiology is brief, but adequate for a 
book manifestly pnmaiily of clinical interest Mention is made of the fact that 
since the tune of Adler’s rcpoit pathologists have moie gencially learned that most 
of the spindle cell or “oat cell” tumors of the lungs and mediastinum are not 
sarcomas but caicmomas, and it is now' believed that sarcoma of the lung is rare 
indeed Symptomatology and diagnosis are discussed sanely, and a score of new 
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cases are briefly reported The fact is mentioned, but not extensively discussed, 
that not infrequently primary tumors of the lungs make their clinical appearance 
as diseases of the central nervous system, because of cerebral metastases 

Roentgenologic aspects properly come in for a large part of the discussion of 
these conditions, m which the roentgen obseivation plays the major part in diag- 
nosis, and the reviewer noted with interest this statement “The use of x-rays, 
however, m the diagnosis of nontuberculous diseases of the lungs has not received 
such geneial recognition in this country as it has on the Continent, and especially 
in the United States This is a matter for regret, since a great deal of the 
success of modern diagnosis is due to the radiologist, m whose work depart- 
mentalism has become as inevitable as in almost every other science ” 

Altogether this is a well balanced and timelv, but not exhaustive or original, 
presentation of a topic of immediate interest 

The Edwin Smith Surgical Papvrus Volumes i and ii By James Henry 
Breasted Price, 4 pounds, 10 shillings London Cambridge University 
Press, 1930 

The first volume contains general explanatory notes for physicians and other 
non-Egyptological leaders, followed by a general and then a special introduction, 
and finally the translation with commentaries 

The second volume contains forty-six facsimile plates of the original papyrus 
and on the opposite page a line for line hieroglyphic transliteration As one 
compares these two pages it is evident that illegible writing is not a modern 
acquisition 

This is the oldest surgical papyrus While this copy was prepared about 
1700 B C , the original papyrus from which it was copied probably dates back to 
2500 or 3000 B C The scribe copied only the first portion of the original roll 
The author is unknown, but evidently was a surgeon of eminent learning and wide 
experience Apparently, this papyrus was an account of his observation on injuries 
to the human body He begins with the head and goes downwaid to the neck 
and chest The last case recorded was injury of the spine, and this ends the 
incomplete papyrus 

The author of this roll was the first nhysician to examine the patient and 
record the observations in an orderly manner, giving the physical observations, 
diagnosis, prognosis and treatment Take as an illustration case 44 Title 
“Instructions on a break in the ribs of the breast ” Examination “If thou 
exammist a man haring a break in the ribs of his breast over which a wound 
has been inflicted, and thou findest that the ribs of his bieast crepitate under the 
finger, then I should sav, ‘One having a break in the ribs of his breast over whicli 
a wound has been inflicted is an ailment not to be treated ’ ” In many cases there 
are interesting case notes made at subsequent examinations In this manner he 
describes forty r -eight injuries The author makes extensive and interesting com- 
mentaries on the exact meaning as interpreted from the hieroglyphics 

Professor Breasted has given us a masterpiece which must have required much 
study and thought The medical profession interested in the history of medicine 
owes him a debt of gratitude for making this papy r rus available in such an 
attractive form 

Umsturz und Aufbau der Pratkischen Medizin Volume II, Part 1 
Volume III, Pvrt 2 By Sanitvtsrat Dr Kuschel, Augenartz in 
Ludenscheid Price, 7 marks Pp 258, with illustrations Oldenburg 
Schutzesche Hofbuchdruckerei, 1929 

These two parts of the large work come mainly under the category of medical 
curiosities and special pleading The author is a practicing ophthalmologist The 
subtitle of the first pamphlet reads “The Crowming (Entthronung) of Bacteriology 
Through the Biophy sics of the Atmosphere Meteorology as the Basis of Physical 
Therapy , Aledicine in the Service of Aeronautics ” The dependence of living 
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processes on the atmospheric pressure, the oxygen of the atmospheie and, in part, 
the temperature is now fairlj well undei stood To be sure, we do not yet know 
the mechanism of the poisonous effect of high oxjgen tension, but the author 
appears to go far afield m his endeavor to correlate atmospheric changes with 
all tvpes of disease processes 

The second pamphlet is largely one of special pleading for what appeals to be 
a propnetai v thug, and more than two thirds of the pamphlet is taken up with 
tables and cases illustrating the cure of diverse diseases by what is called “Vita- 
salmuie,” A, B, C. D, etc These are \anous inorganic salts, single or in 
combination, such as sodium chloride, potassium chloride, magnesium phosphate, etc 
With these the author reports cures or improvement of such diverse diseases as 
muscle weakness, rickets, rheumatism, headache, atony of the heart, stomach and 
uterus, asthma, arteriosclerosis, ulcer of the stomach and nephritis 

Throughout both pamphlets the author maintains that the therapies here 
advocated represent a new 7 sj stem of a rational and natural therapy Vci bum 
sal sapicnh 

Mother Althonsv Rosl Hvvvuiornl Lutirop By James J Wvlsh, M D , 
PhD, LittD Cloth Price, S2 2S Pp 273, with index New 7 York 
The Macmillan Company, 1930 

In September 1S9J, Rose Hawthorne Lathrop, the youngei daughter ot 
Nathaniel Hawthorne whom the liternrj friends of her father used to call “the 
Rose of all the Hawthornes,’ rented a little flat of three rooms and a kitchen at 
60S Water Street, on the lower East Side of New York This was in the 
heart ot a \cr\ poor neighborhood, and Mrs Lathrop’s idea m locating there was 
to help some of the destitute poor who were suffering from incurable cancer to 
bear the pains and trials through which they had to go before death came to 
relieve them She took se\cral patients with cancer to live in this little apartment 
with hei , she icccivcd otheis at certain times during the day in her own room 
so as to dress their lesions, and she usited as many more m their homes as her 
time and strength would permit her to attend This was the beginning of a w'ork 
that occupied the next tlmt\-two vears of hei life, until hei death in 1926, at the 
age of 75 

In 1S93, with hei husband Geoige Parsons Lathi op, she had become a convert 
to the Catholic Church and was stimulated b\ her conversion to devote herself 
during the vcais that weie left to her to some task that wrould give to human 
existence a meaning in tcims of another world than this At this time one of 
her dear friends died of cancer, and shortly thereafter her attention was called 
to the case of a poor scamstiess who wans discharged from a hospital to die of 
this dread malady She made inqumcs and found that cancel was a rather com- 
mon disease and entailed much suffering, not only because of the pain and physical 
discomfort but because of lack of care, companionship or diversion of mind, 
particular!} in the cases among the very pooi 

She fortified herself for the w 7 oik by a three months’ period of voluntan tiain- 
mg in the New fork Cancer Hospital Othei voluntary vvoikers w 7 eie obtained, 
and the little group called themselves ‘The Servants of Relief for Incurable 
Cancer,” which, through gradual transformation and after much sacrifice and hard- 
ship, became a lehgious order affiliated with the Thud Older of Saint Dominic 
J he story of the giowth and development of this remarkable work of courage and 
devotion is one of the most appealing episodes in American life 

Pin sroi ocntAi CnrMisiRv A Tixi-Book and Manuai tor Students By 
A P Mathews, PhD, Carnegie Professor of Biochemistry, the Umveisity 
of Cincinnati Fifth edition Price, $7 Pp 1233 New York Williams 
Wood &. Company 

1 he new edition of this well known text is in the main a reprinting with 
such additions and alterations as could be incoiporated without enlaiging the 
vvoik Among the moie important changes or additions are the treatment ot the 
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structures of the disaccharides and polysaccharides and nucleic acid, the recent 
advances in nerve and muscle metabolism and the biochemistry of hemoglobin, 
bilirubin, sterols, bile acids, allantoin, hormones and vitamins The work retains 
all of the outstanding features so characteristic of the author’s writings His 
style, originality and versatility are as refreshing and as entertaining as ever 
He continues to accomplish what he hoped to attain in his first edition, namely, 
“to raise in the minds of those who read it more questions than it answers” 

Stalkers of Pestilence By Wade W Oliver, M D With an Introduction 
by Theobald Smith, MD, PhD Price, $3 Pp 251, with illustrations 
New York Paul B Hoeber, Inc, 1930 

While this book is in purport and by title a history of the development of 
understanding of infectious disease, it is in reality a well rounded, if very brief, 
history of medicine and the knowledge of all illness The record runs from the 
fossil remains of the Paleozoic period to the BCG inoculations of Calmette All 
of the great names in the history of the science come in for some consideration 
In spite of its brevity it is a highly stimulating account of the march of progress 
of what is essentially pathology As might be expected, the period beginmng 
with Pasteur is most intensively treated, and Oliver’s account furnishes an 
excellent introduction to the research of the great group of the last third of 
the nineteenth century The size of the book is convenient, and the printing 
and illustrations are good A feature of especial value is a fairly extended 
bibliography 


Physiologie und Patiiologie der Verdaulng Sauglingsalter By Dr 
E Freudenberg, Professor an der Umversitat, Marburg Paper Price, 
1480 marks Pp 201, with 40 illustrations Berlin Julius Springer, 1929 

This is a timely, reliable and useful monograph on the physiology and pathology 
of digestion in infants The author endeavors to summarize and criticize both the 
experimental data and the clinical observations that have accumulated during 
the last two decades in this field, the conclusions being submitted as guides for 
the practicing pediatrician The chapters include the motor and secretory functions 
and disturbances of the alimentary canal in infancy and the digestion of proteins, 
carbohydrates and fats, as well as the role of bacteria in the alimentary tract 
in pathologic conditions Each chapter ends with the useful references to the 
more important literature The monograph will be helpful to both the pediatrician 
and the laboratory worker 

The Candiru By Eugene W Gudger, Pii D With a Foreword by Aldred 
Scott Warthin, M D Price, §1 50 Pp 120, with illustrations New York 
Paul B Hoeber, Inc , 1930 

This little book will furnish any one entertainment well worth its modest price 
The author takes a fish story, that of a minute South American catfish ( Candm'i ), 
which according to native tradition inhabits by preference the human urethra, 
and without any obvious bias makes out a good case for its truth 
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BLOOD PRESSURE BEFORE AND AFTER OPERATION 

IN HYPERTHYROIDISM * 

LEWIS M 1IURXTHAL, MD 

BOSTON 

The lelationship between blood pressure and hyperthyi oidism is 
significant if some views of the present day are true It is common 
knowledge that theie is an mci eased pulse pressuie m hyperthyroidism 
Statements have been made that if this were continued over a sufficient 
time, cardiovascular changes and permanent aitenal hypertension might 
ensue Furthermore, it is the belief of some writers that the nontoxic 
adenomatous goiter can lead to similar changes over a period of years 
There has been no adequate suivey, as far as I am aware, to show 
that either active h)peith)i oidism or prolonged but slight over-activity 
of the thyroid in otherwise clinically nontoxic goitei leads to permanent 
caidiovasculai degeneiation, hypei tension or cardiac enlargement 

In observing patients who have been operated on for toxic goitei, 
one fiequently finds the blood pressure higher aftei operation than 
befoie, although the basal metabolic rate is normal and the patient is 
clinically free fiorn th)ioloxic signs or symptoms One might assume 
that the pieexistmg state of hypei thyi oidism had been a causative factoi 
in the development of the vasculai hypei tension These obseivations 
have probably led others to assume, and in certain instances have led me 
to w’onder, wdicther or not theie is any lelationship This study, theie- 
fore, w^as undertaken to determine (1) the blood piessure before and 
aftei subtotal thyroidectomy, (2) the lelationship between the metabolic 
late, the t)pe of goitei and the blood piessure, (3) a comparison 
between the blood pressuie of patients with toxic goitei after operation 
and the blood piessuie of nongoitious peisons 

MATERIAL USED 

The ideal method of study in a problem of this land is an analysis 
of a laige gioup of consecutive cases Complete follow-up data are 
difficult to obtain when patients are widely scatteied over several states 
While most of my patients letuin for examinations two or three times 
dui mg the year following opeiation, less than one-fourth return regularly 
eveiy thiee months dui mg that time I analyzed 45S cases of toxic goiter. 

Submitted for publication, July 7, 1930 
" From the Medical Department of the Lahey Clinic 
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legardless of the type, the occuuence of postopeiative myxedema 01 
lecurient hyperthyi oidism I found, howevei, that selected cases had to 
be used for special pui poses This selection was made on the basis of com- 
pleted data for the questions at hand Only cases free from recuirent 
persistent hyperthyroidism or postopeiative myxedema were included 

It seems hardly necessaiy to state that all cases diagnosed as hyper- 
thyroidism were clinically thyrotoxic Patients with hypei tension and 
elevated basal metabolic lates who have no clinical evidence of thyroid 
toxicity are not consideied as having hyperthyroidism, are not operated 
on and theiefoie aie not included m this study 

OBSERVATIONS 

Basal Metabolism Determination — Unless the cn cumstances did not 
permit, the hist basal metabolic rate in these cases was determined on 
the morning following the patient’s admission to the hospital A second 
basal metabolic rate was determined about the sixth day afteiward 
Unless the patient was unusually toxic or had some other complication, 
no further observations of the basal metabolic late were made before the 
operation In case that it was necessary to perfoim the opeiation m 
two stages, only one metabolic rate was usually lecorded before the 
second stage Six days after operation was generally the time at which 
the postopeiative metabolic test was made 

The patients were asked to return every three months during the 
hist yeai and once a year theieafter for observation It was insisted that 
they entei the hospital on the night before obseivation, nothing was 
given to them by mouth after 8 00 p m that night Phenobarbital was 
occasionally prescubed for lestlessness In the morning the patients 
were taken in wheel chairs to the metabolism laboiatory, and after a rest 
of ten or moie minutes the test was made Thus, the best possible 
circumstances were provided for the estimation of the basal metabolic 
late 

Blood Pressures — A reading of the blood piessure was made when 
the patients weie hist examined either at the clinic or at the hospital 
Headings of the basal blood pressuie were made by trained technicians at 
the tune of each metabolism test Thus, all the leadings of the blood 
pi essui e were made under ideal circumstances and under conditions that 
could not be improved 


BASAL BLOOD PRESSURE 

Deteimmations of the blood pressure made undei basal conditions 
aie lower than those taken at other times 1 A comparison of the basal 

1 Addis, T Blood Pressure and Pulse Rate Levels, Arch Int Med 29 539 
(April) 1922 
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and clinical blood pressuies distributed by decades is shown in tables 
1 and 2 In my expenence a basal systolic piessure of 140 mm of 
meicuiy is often found to be from 150 to 160 mm, under the usual 
clinical conditions A basal systolic blood pressuie of 150 mm of mer- 
cur), is therefoie, in most instances, indicative of hypertension 


Tun i 1 — Companson of Clinical and Basal Blood Picssuie by Decades 
(116 Cases of Exophthalmic Goitei ) 


Decade 

Clinical 

Blood Pressure, 
Mm Hg 

Basal 

Blood Pressure, 
Mm Hg 

Difference in 
Systolic Pressure, 
Mm Hg 

20 to 20 

130/73 

130/64 

20/9 

30 to 30 

14G/73 

131/GO 

15/4 

40 to 40 

1G4/7G 

152/73 

12/3 

30 to o9 

1GG/7G 

159/73 

7/3 

\vernpo for nil groups 

1\ crape difference 

153/70 

132/70 

23/G 


T \pli 2 — Companson of Clinical and Basal Blood Piessme by Decades m Cases 

of Nontoxic Goitei 



Clinical 

Bnsnl 

Difference in 


Blood Pressure 

:, Blood Pressure, 

Systolic Pressure, 

Decade 

Mm Hg 

Mm Hg 

Mm Hg 

20 to 20 

12G/7S 

113/G4 

13/14 

,0 to 30 

133/34 

117/70 

1G/14 

40 to 49 

170/00 

131/77 

19/13 

70 to 70 

171/90 

141/83 

10/7 

GO to GO 

177/80 

142/S0 

13/6 

T U’l r 3 — At ' cr age Basal 

Blood Picssuie 

Readings by Decades m Cases of 

Exophthalmic Goitei 

and Toxic Adenomatous Goitei Bcfoie 

Opeiation 


Exophthalmic Goiter 
(223 Oases) 


Toxic Adenomatous Goiter 
(78 Oases) 



f — 


t 



Bnsnl 


Basal 



Blood Pressure, 

Number of 

Blood Pressure, 

Number 

D( tilde 

Mm Hg 

Oases 

Mm Hg 

Cases 

20 to 20 

12S/G2 

50 



’0 to 30 

131/G7 

50 

127/72 

12 

10 to 49 

144/77 

50 

137/74 

19 

70 to 79 

157/73 

50 

158/81 

33 

GO to CO 

1G1/70 

23 

161/87 

14 



225 


78 


AVERAGE BASAL BLOOD PRESSURE IN HYPERTHYROIDISM 
BEFORE OPERATION 

In table 3 aie shown the basal blood piessure readings m the 
senes of 225 cases of exophthalmic goitei and 78 cases of adenomatous 
goitei with hyperlhyi oidism The gioup of 225 cases of exophthalmic 
goitei consisted of the patients requnmg one or two stage operations 
and weie selected accoidmg to decades The 78 cases of adenomatous 
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goiter requiring one 01 moie operations could not be selected m this way 
as theie was not enough material As can be seen, there is a definite 
average rise of both systolic and diastolic pressures with increasing age 

AVERAGE BLOOD PRESSURE CORRELATED WITH BASAL 
METABOLIC RATE 

The relationship between the aveiage blood piessure by decades and 
the basal metabolic late is shown m chart 1 While the pulse pressuie 
and rate aie indicative of the basal metabolic rate as shown by Read 2 



Chart 1 — Correlation of the blood pressure, the pulse and the metabolism in 
the different age groups of 100 cases of exophthalmic goiter (two-stage operation) 

m cases uncomplicated by caidiovasculai disease, my studies show that 
this relationship does not hold foi the geneial inn of cases 

EFrECT or SUBTOTAL THYROIDECTOMY 

The data on 50 cases of exophthalmic goiter that weie obseived 
for a year aie shown m chait 2 These cases weie selected because the 
patients had leturned at legular mtenals of thiee months and all the data 
had been recoided The lesult at the end of thiee months m 100 cases of 
exophthalmic goiter m which two-stage operations weie deemed advis- 
able is show n m chai t 3 Chai t 4 l ecoi ds the events m 38 cases of adeno- 

2 Read, J M Basal Pulse Rate and Pulse Pressure Changes Accompam- 
mg Variations in the Basal Metabolic Rate, Arch Int Med 34 553 (Oct) 1524 





Chait 2 — Obsenations on fifty cases of exophthalmic goiter followed for one 
\ear 1 , first observations, 2 , before opeiation, 2 , after opeiation, 4 , thiee months 
later, 5 , six moi tbs later, 6 , nine months later, and 7 , tuehc months later 



12 3 4 


Chart 3 —Observations on 100 cases of exophthalmic goiter requiring two stage 
operations 1 , first obscivations , 2 , aftei first operation, 3 , before second opera- 
tion (six weeks later) , 4 , after second operation, and 5 , three months later 




172 


ARCHIVES OF INTERNAL MEDICINE 


matous goiter with secondary hyperthyroidism In these thiee gioups 
theie were no cases in which there was persistent or recurrent hypei - 
thyroidism or postoperative myxedema The average age of the patients 
lequinng one-stage opeiations was 3 7 7 years, wheieas the average age 
of patients requiring two-stage operations was 41 7 yeais The average 
age of the adenomatous group was 51 }ears While the pulse pressure 
and the rate of metabolism averaged higher in the patients who required 
two opeiations, this lelationship did not hold true for the patients with 



Chart 4 — Observations on thirty-eight cases of toxic adenomatous goiter 
(average age, 51) 1, first observation before operation, 2, second observation 

before operation , 3, after operation, and 4, three months later 

adenomatous goitei It was noted that the blood pi essure m the adenom- 
atous group was higher than that m the group with seveie exoph- 
thalmos, ) et the metabolic i ate was low ei The difference m blood 
piessuie in the three groups was piobably due to the gieatei fiequenc) of 
hypei tension with advancing years 

In table 4 are shown the average blood pressuie readings in 458 
cases of toxic goitei m which a subtotal thv roidectomy was perfoimed 
m one stage This includes all cases m which there was peisistent oi 
lecunent hypei thy roidism or postoperative myxedema Thev weie 
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divided accoi ding to the length of time dui mg which they had been 
obseived 

It may be noted fiom table 4, as well as fiom the pieceding chaits, 
that following opeiation theie is a lower systolic pressure and a higher 
diastolic piessuie This also occuis befoie opeiation after a penod of 
lest and the administration of compound solution of iodine (All thyio- 
toxic patients in this study leceived compound solution of iodine, 10 
minims [0 6 cc ] tlnee times a day n respective of the type of goiter) 
Of the cases requiting two opeiations, 46 per cent showed this change m 
blood piessuie, i e, a lower systolic pressure and higher diastolic pies- 
suie at the end of three months However, 20 pei cent showed an eleva- 
tion of both the systolic and the diastolic basal blood piessures, while 14 
pei cent showed a i eduction of both these blood piessures The lemain- 
dei had othei nunoi vanations In the fifty cases of exophthalmic goitei 

Tallc 4 — Basal Blood Piessuie Obscuations on 45S Consecuiivc Cases of Toxic 

Goitei (All Types) 


UeraM Basal Basal Blood Pressure 

Blood Pressure, * 


X umber of 

Before 

After 

In 

In 

In 

In 

Oases 

Operation 

Operation 

3 Months 

6 Months 

9 Months 

12 Months 

4G 

132 'GO 

131/71 

129/7G 

123/77 

124/76 

122/76 

S3 

137/72 

13 0/73 

131/78 

129/77 

126/73 

126/76 


130 

137/72 

132/7" 

120/74 


103 

Total ca«cs, 47S 

13S/C9 

131/71 

129/81 




137/70 

131/70 

129/77 

126/77 

127/76 

122/76 

U erases 


which weie followed with complete data for one year, 54 per cent showed 
a lower systolic and a highei diastolic piessuie compaied with that befoie 
opeiation, 26 per cent showed a lowenng of both piessuies, while 10 
per cent showed an actual mciease of both piessuies In thirty-eight 
cases of toxic adenomatous goiter, thiee months after opeiation, 40 pei 
cent showed a lower systolic and a higher diastolic pressure, while 25 
pei cent showed both a lower systolic and a lower diastolic piessuie, 
21 pei cent had a higher systolic and diastolic piessuie aftei this interval 
In chart 5 is shown the effect of operation on the average basal blood 
piessuies by decades m severe exophthalmic goiter (i e , requiring two- 
stage opeiations), and in chart 6 is also shown the same effect m a 
gioup of 225 cases of all types of exophthalmic goiter selected to give 
reliable averages The aveiages for the toxic adenomatous group befoie 
and aftei opeiation by decades are listed in tables 3 and 7 

One fiequently sees patients with low or noimal blood piessures 
who aie toxic, emaciated, no longei maikedly activated and even 
apathetic These patients have a distinct rise m piessuie when hypei- 
thyi oidism has been relieved The explanation of this is difficult The 
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years 2029 ao-35 40-49 jd -59 60 


Chart 5 — The average basal blood pressure before and after two-stage operation 
m different age groups in 100 cases of exophthalmic goiter 



VeO-irs 20-29 30-39 4-0-49 50 59 60 

Chart 6 — The basal blood pressure by decades of age in 225 cases of exoph- 

thalmic goiter, before operation and from six to twelve months after operation 
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obseivation that 20 pei cent o£ the toxic patients had a rise m basal 
blood piessuie following operation was surprising Various factors may 
account for this 1 A certain number had a prolonged lest m bed 
before coming to the hospital 2 It is well known that a fall m blood 
piessuie may take place when there is marked emaciation 3 Some of 
these patients had an auricular fibi illation which returned to normal 
lhythm aftei the opeiation and permitted a moie accurate determina- 
tion of the blood piessure I believe, howevei, that an auricular fibrilla- 
tion may lowei the blood piessure Furthermoie, the natural progression 
of an underljing hypei tensive disease is a possibility 

The incidence of hypertension before and after operation m 458 
cases of all kinds of toxic goiters is shown in table 5 An average basal 
blood piessuie of 150 mm of mercury or moie was present in 26 per 


T \ble 5 — Analysis of Vanous Gioups Befoie and After Operation m Relation 
to a Basal Systolic Blood Piessuie of 150 Mm Hg 




Per Cent Showing 
Systolic Blood Pressure 
of 150 Jim Hg or More 
Before Operation 

Per Cent 
Showing 
Rise to 

150 Mm Hg 
or Above 
After 
Operation 


Group 


Before 

Operation 

After 

Operation 

Average 

Age 

•1'iS cases of all tepcs a\erugc of 
pressuro before operation 

blood 

2G8 

13 7 

(3 mo to 1 jr ) 

4 8 

371 

100 cases of set ere exophthalmic 
initial blood pressure 

goiter 

42 

23 

(3 mo ) 

11 

412 

30 cases of exophthalmic goiter 
blood pressure 

initial 

20 

6 

(l vr ) 

0 

37 8 

34 ea=es of adenomatous goiter with lnpcr 
thyroidism initial blood pressuro 

02 

44 

(3 mo ) 

7 

512 


cent of the cases befoie opeiation From thiee months to a year following 
operation, 13 7 pei cent still showed a basal pressure of 150 mm of 
meicury or more , 4 8 per cent in which the average blood pressure was 
under 150 mm of mercury before operation showed a final pressure 
higher than this figuie Thus, m this group of consecutive cases, approxi- 
mately 18 per cent showed hypertension after operation In the milder 
cases of exophthalmic goitei, 26 per cent showed an initial pressure of 
150 mm of mercury or more on the first examination, whereas only 
6 per cent showed a blood pressure of this degree at the end of a year 
On the othei hand, m the severe cases of exophthalmic goiter in which 
the basal metabolic late was noimal at the end of three months, 40 per 
cent showed an initial basal pressure of 150 mm of mercury or more 
befoie opeiation At the end of three months, 23 pei cent still had a 
basal systolic pressure of over 150 mm of mercury, while 11 per cent 
showed a rise from below this figure to above it In the adenomatous 
group, 62 pei cent showed an initial pressure of 150 mm of mercury 
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or more After thiee months, 44 per cent still showed this pressure and 7 
per cent showed a nse to 150 mm of mercury or more These data are 
also recorded in table 5 

The appaiently higher percentage of hypei tension m my cases of 
adenomatous goiter with hyperthyroidism may exist because of the 
greater age of the patients Approximately 20 per cent of the patients 
with exophthalmic goiter weie over 50 years of age, whereas 50 per 
cent of the cases of adenomatous goiter occurred aftei 50 years of age 

BLOOD PRESSURE AFTER OPERATION COMPARED WITH OTHER GROUPS 

If one compares the aveiage blood piessure readings of patients with 
toxic goiter after operation with those of other gioups without goiter, 
the question of whether or not hypei thyroidism causes permanent vas- 

Table 6 — Compai ison of Avciagc Clinical Blood Piesswc by Decades 


Nongoitrous Nontovic 1,000 Office Patients Diabetic Patients 

Patients Goiter (Alvarez) (Joslin) 

/ . „ a * _ * . 



No of 

Blood 

No of 

Blood 

Blood 

Blood 

No of 

Blood 

Decade 

Oases 

Pressure 

Oases 

Pressure 

Cases Pressure 

Cases 

Pressure 

20 to 29 

60 

116/73 

22 

126/78 

7 

137* 

50 

ill 

30 to 39 

50 

120/77 

61 

133/84 

? 

130 

50 

124 

40 to 49 

50 

137/81 

52 

150/90 

Females 

Males 

152 

140 

60 

ISO 

50 to 59 

50 

148/82 

54 

154/90 1 

Females 

165 

J 50 

155 

GO to G9 

50 

164/93 

20 

155/86 ) 

Males 153 

(Age group 50 to 74) 

) 50 

154 


* Systolic 


cular hypertension should be at least paitly answeied Table 6 shows 
the average clinical blood pressures by decades of 250 nongoitrous pei- 
sons seen m the clinic Tables given by Alvarez 3 and Joslin 4 are also 
shown Joshn’s patients comprised both men and women Alvaiez 
found that the blood pressuie is appi oximately the same m men and 
women up to the age of 40 , thereafter, a higher average was found for 
women In my group of nongoitious peisons, 82 per cent weie women, 
an incidence approximately the same as m the goitious persons In this 
table is also shown the average clinical blood pressuies m goitrous 
patients who were considered nontoxic The average blood piessures 
are somewhat higher than m the nongoitrous persons m oui clinic, but 
they parallel lather closely those m the women studied by Alvaiez 

3 Alvarez, W C , Wulzen, R , Taj lor, F B, and Starkweather, E Blood 
Pressure in University Freshmen and Office Patients, Arch Int Med 26 381 
(Oct ) 1920 

4 Joslin E C The Treatment of Diabetes Melhtus, Philadelphia, Lea & 
Febiger, 1928, p 712 
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Table 7 shows the basal blood pressure in the same group of pei- 
sons with nontoxic goiter as shown in table 2 Only with this group 
can comparisons be made with othei groups, since the basal blood pres- 
suies are lower than those taken under the usual clinical conditions In 
table 7 aie placed for comparison the average basal blood piessures by 
decades in severe exophthalmic goitei, and m 225 cases of all grades 
of exophthalmic goitei, fiom 6 months to a year after operation (75 pei 
cent were recoided at the end of a year) Thnty-eight cases of toxic 
adenomatous goitei before opeiation and at the end of thiee months aie 
also included It is to be noted (chait 7) that the averages of the 225 
cases of exophthalmic goiter after operation paiallel the averages of the 
cases of nontoxic goiter before opeiation Thus, if the clinical blood pres- 
sures m the nontoxic cases paiallel the clinical blood pressures of non- 
goitrous persons, theie is no indication from this analysis that cure of 

Tablc 7 — Compai ison of Basal Blood Piessuie in Cases of Nontoxic Goitei 
Bcfoie Opeiation and in Cases of Toxic Goitei After Opeiation 

(by Decades of Ages) 


Nontoxic 

Goiter 

Before 

Operation 

A_ 

Exophthalmic 
Goiter from 

G to 12 Mo After 
Operation 

A 

Exophthalmic 
Goiter 3 Mo 
After Operation 
(Severe) 

A 

Toxic Adenoma 
tous Goiter 

3 Mo After 
Operation 

A 

No of Blood 

No of Blood 

No of Blood 

No of Blood 


Decade 

Cases 

Pressure 

Cases 

Pressure 

Cases 

Pressure 

Cases 

Pressure 

20 to 20 

22 

113/G4 

50 

160/G9 

18 

ilG/72 



SO to 39 

G1 

117/40 

50 

118/72 

23 

328/75 

S 

124/G9 

40 to 49 

52 

131/77 

50 

130/77 

2G 

137/81 

11 

129/76 

SO to 59 

54 

144/82 

50 

137/81 

27 

143/82 

19 

153/83 

CO to G9 

20 

141/80 

23 

147/77 

4 

158/83 

9 

15G/8S 


exophthalmic goiter is followed by hypertension, at least not within 
fiom six months to a year latei The patients who required two opeia- 
tions show a higher lesidual aveiage, but this is not a representative group 
The piesence of hypei tension is often one of the reasons why an opeia- 
tion is done in two stages The average basal postoperative blood pi essures 
for the toxic adenomatous gioup are higher than those of the other 
gioups m the fifth and sixth decades (chart 8) This is the only evidence 
pointing to the theoiy that hypertension may result from thyioid toxic- 
ity It is doubtful if any conclusion can be based on 20 cases, and 
theiefoie this question is left open 

COURSE OF HYPERTENSION ASSOCIATED WITH HYPERTHYROIDISM 

Chart 9 shows the course of fourteen patients with hypertension 
in whom basal and clinical blood pressure readings were obtained before 
operation and fiom six months to one year later The patients weie 
nontoxic clinically m spite of the fact that the average basal metabolic 





Chart 8 — Comparison of readings of blood pressure by decades of ages in cases 
of goiter after operation and in nongoitrous persons The solid line indicates the 
exophthalmic group from six to twelve months after operation, the dash line office 
patients (nongoitrous) and the dotted line the toxic adenomatous group three 
months after operation 
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late was slightly highei than m the othei cuied cases Thirty-eight 
othei cases of hypei tension weie selected m which the data foi eithei 
basal 01 clinical blood piessuie weie complete, but not foi both The 
aveiages weie essentially the same as those alieady given Aside fiom 
the slight diop in the basal systolic blood piessuie and a slight rise in 
the diastolic piessuie, hypei tension is unchanged by thyi oidectomy if 
the inci eased pulse piessuie pioduced by hypei thy loidism is eliminated 
The aveiage age of this gioup of patients w r as 52 



Chart 9 — Aveiage blood pressure in fourteen cases of hypei tension and hyper- 
thyroidism before, and si\ months oi moie after, operation 


Another group of fouiteen patients with toxic goitei who showed 
an aunculai fibrillation befoie operation but a normal rhythm post- 
operatively and who weie clinically fiee from thyrotoxic symptoms, was 
selected (chait 10) All these weie consideied hypei tensive befoie opeia- 
tion Only clinical blood pressuies weie lecoided The use in both 
the systolic and the diastolic pressuie was intei estmg and piobably meant 
either that the blood piessuie was loweied duung the fibi illation of 
the auncles, oi that the tiue piessuie w r as not obtained This may be 
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of some importance m individual cases, especially with congestive heart 
failure when associated with auricular fibrillation An underlying hypei- 
tension may thus be overlooked 

OTHER OBSERVATIONS ON BLOOD PRESSURE 

Mention should be made of the low or apparently absent diastolic 
pressuie that is seen in extremely toxic cases Pulsations may often be 



Chart 10 — Average clinical blood pressure m fourteen cases of toxic goiter 
with auricular fibrillation and hypertension before operation, and six months or 
more after operation when normal rhythm was present 

heaid to the zeio point Whether or not this leading means an absent 
diastolic pressuie is open to doubt Occasionally, by simple adjustment 
of the stethoscope, a distinct change in sound may be heaid m these 
cases between 30 and 60 mm on the scale 

The charactei istic snapping sounds heard m hyperthyroidism when 
the blood pressure is taken are of great value in diagnosis This is 
pai Ocularly true with boiderhne cases This characteristic sound is- 
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laiely found in hypei tension alone 01 m other conditions m which an 
inci eased pulse late is piesent If a choice between blood pressure 
readings and the auscultatory sounds had to be made as an auxihaiy 
aid to the diagnosis of hypei thyroidism, I feel that the lattei would be 
of gieatei value 

CONCLUSIONS 

1 The blood piessuie leadings taken undei basal conditions are 
lowei than those otheiwise taken The diffeience is most maiked in 
patients with hypei thyi oidism 

2 The pulse piessuie is mci eased in hypei thy l oidism and deci eased 
m about 50 pei cent of the patients following relief fiom thyroid 
toxicity 

3 On the basis of aveiages theie is no constant lelationship between 
the height ot the sjstohc blood pressuie and the basal metabolism late 

4 The ai eiage height of the blood pressure mci eases with advancing 
age 

5 The average basal blood piessuie leadings in cases of toxic 
goitei attei opeiation and m cases of nontoxic goiter befoie opeiation 
inn paiallel 

6 The aieiage basal blood piessure reading following lelief from 
h} pei thyi oidism m exophthalmic goitei and fiom toxic adenomatous 
goitei is appioximately the same in each age gioup up to 50 yeais, 
but theieaitei it is slightly higher in the toxic adenomatous gioup 

7 The blood piessuie m hypei tension complicated by hypei thyi oid- 
ism undei goes, on an aveiage, the same change that patients with hypei - 
th) l oidism without h) pei tension undergo following opeiation 

8 In h)peitensne patients with auricular fibi illation and hyper- 

thyi oidism, the aveiagenilood piessure is highei aftei opeiation when 
thyroid toxicit) has been leheved and the noimal rhythm has been 
i estoi ed / 

9 Theie is no evidence in this study from which it can be con- 
cluded that hj pei thl roidism leads to permanent cardiovasculai hyper- 
tensive disease 
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The intimate lelationship of the liver to the panel eas, togethei with 
its association in caibohydiate metabolism, gives at least some justifica- 
tion foi the assumption that hepatic dysfunction ma) be of frequent 
occui lence in diabetes mellitus In an efifoit to couoboiate 01 refute 
this supposition the function of the liver m 100 peisons with diabetes 
has been studied 

A leview of the hteiature shows that numeious ai tides hate been 
wntten concerning hepatic function and tests foi the estimation of it, 
but onl) a few investigators have lepoited detei initiations m diabetic 
patients Joslin 1 stated 

The liver is assuming more and more the prominent role which it plajed in 
diabetes in the time of Claude Bernard Its influence for good or evil, perhaps 
measured by the amount of glycogen which it stores, is more and more acknowl- 
edged Peihaps the great “factor of safetj” which the liver possesses because of 
its size hides its importance in the etiology of diabetes 

The coexistence of cholecystitis and diabetes has been considered 
frequently Opie 2 showed by animal expemnentation and clinical 
obseivation that theie is a definite lelationship between cholelithiasis 
and diseases of the pancreas Lichty and Woods 3 endeavored to piove 
that cholecystitis was an etiologic factor in the pioduction of diabetes 
4 hey reported 25 cases of diabetes and bihaiy tiact disease in a senes 
of 1,474 patients Thiee of these appaiently lecovered from the dia- 
betes after operations on the gallbladder Adams 4 leviewed 6,500 cases 
of gallbladdei disease and 1,101 cases of diabetes Both diseases were 
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and Fat Necrosis, Am J M Sc 121 27, 1901 

3 Lichty, J A, and AVoods, J O The Significance of Gljcosuria in Gall 
Bladder and Duct Disease, Am J M Sc 167 1 (Jan ) 1924 

4 Adams, S F Is Disease of the Gall Bladder a Cause of Diabetes Mellitus ? 
Surg Gynec Obst 41 75 (July) 1925 
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piesent m 131 patients, all of whom weie ovei 40 yeais of age 
Wilder 5 * lepoited 20 cases of biliaiy tract disease m 58 diabetic patients 
examined post moitem Sixteen oi these had calculi 

Joslin 1 lemarked 

Gallstones are about 50 per cent more common among diabetics over 25 \eats 
of age than among a similar group in the community at large Gallstones 
often precede diabetes and ma\ precipitate it by direct extension of infection 
to the head of the pancreas Diabetes is not only due to a disturbance of carbo- 
hydrate metabolism, but, as shown by Pfluger, Geelmuyden and Allen, an asso- 
ciated protein and fat distutbance 

In four Boston hospitals 211 neciopsies weie pet formed on diabetic 
patients ovei 25 )eais of age Fifty of these, oi 23 7 pei cent, had 
gallstones Bowen, Vaughan and Koenig 0 lepoited that from 1923 to 
1928 at the Buffalo Geneial Hospital 16 autopsies weie peifoimed on 
adult diabetic patients, and that of these 1 showed calculi and 3 chole- 
cystitis Suigeons aie constantly obseivmg at opeiation that all cases 
of clnonic cholecystitis aie associated with vaiying degrees of hepatitis 
and not mfiequently with panel eatitis Rabmowitch 7 said 

There is much clinical and statistical evidence to prove that the association 
of diabetes and gallbladder disease is more than accidental, and that pancreati is 
is generally recognized as a sequela of cholelithiasis and cholecystitis 

Jones, Castle, Mulholland and Bailey 8 investigated panel eatic and 
hepatic activity in sixty-eight cases of diabetes melhtus They discov- 
eied diminished panel eatic activity in one half of the cases and abnoi- 
mall) high elimination of bile pigment in the duodenal contents m 
thiee fouiths of the cases They decided that undei nutation had an 
undesnable effect on both liver and pancreas, but that when this was 
conti oiled by efficient insulin theiapy and diet theie was a maiked 
l eduction m the panel eatic and hepatic abnormalities Cholelithiasis 
occuued m 19 pei cent of the cases The aveiage age of the patients 
was 51 

Rabmowitch 7 studied hepatic function in 130 cases of diabetes mel- 
htus He consideied the phenolteti achloi phthalem test msufficientl)' 
sensitive foi the detection of early impaiiment of liver efificienci In 
only 3 of 50 cases was the Wallace and Diamond method foi estimations 

5. Wilder, R M Necropsv Findings m Diabetes, South M J 19 241 1926 

6 Bowen, B D , Vaughan, S L , and Koenig, E C The Relation of Liver 
and Gall Bladder Disease to Diabetes, etc, Bull Buffalo Gen Hosp 6 41 (Dec) 
1928 

7 Rabmowitch, J M The van den Bergh Reaction in Diabetes Brit J 
Exper Path 7 155, 1926 

8 Jones, C M , Castle, W B , Mulholland, H B, and Baile>, Francis 
Pancreatic and Hepatic Activity in Diabetes Melhtus The Alterations with 
Some Observations on the Etiology of the Disease, Arch Int Med 35 315 
(March) 1925, 
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of uiobilmogen in the urine found to give positive lesults The mdnect 
van den Bergh test was employed in all the cases The results were not 
expiessed m milhgiams or units, but were lefeued to as positive when 
the colois weie of greater intensity than noimal Thirty-four, 01 261 
per cent had a positive van den Bergh leading, and the percentage of 
positne leactions was twice as gieat m the ovei weight subjects 

Diamond 9 performed the van den Bergh test in a laige senes of 
cases In seventeen of these diabetes mellitus was present Fourteen 
cave noimal lesults Three of the more seveie cases m which no 

0 

tieatment had been given gave high leadings foi bihiubin 1 1 units, 

1 2 units and 1 4 units, oi, expressed in milhgiams per hundred cubic 
centimeteis, 0 55, 0 6 and 0 7 He also found a high excretion of 
uiobilmogen during acidosis and a return to normal with the adminis- 
tration of insulin He concluded that despite the diversity of the func- 
tions of the liver a high value foi blood bilirubin indicates a disturbance 
of the livei, unless due to hemolvtic disease 

Bowen, Vaughan and Koenig G estimated hepatic function in twenty- 
tlnee cases of diabetes mellitus In none of then cases did the urobolm- 
ogen m the mine exceed 1 20, and only seven gave this leading They 
evidently considered the finding of urobilinogen in this dilution indica- 
tive of hepatic dysfunction The lesult of the quantitative van den Bergh 
test exceeded 0 6 units (0 3 mg ) in twelve cases, and l unit (0 5 mg ) in 
eight cases Biomsulphalem letention was piesent in five patients, but 
the test was performed in only fourteen cases of diabetes The lowest 
reading foi blood sugar was 115 mg, the highest 548 mg and the 
a\erage 221 mg The;y concluded that tests for hepatic dysfunction moie 
legulail) give positive lesults in cases of diabetes than in the group of 
alimentary gl) cosui la 

METHODS 

The 100 diabetic persons were studied in the metabolic wards of the Philadel- 
phia General Hospital They were first examined and treated by the chief of the 
metabolic department and his associates A history was taken of each patient, and 
a complete physical examination conducted, with all the usual or specially indi- 
cated laboratory tests Later, studies of hepatic function were instituted The 
urobilinogen, bromsulphalein retention, icterus index and direct and indirect 
van den Bergh tests were selected as the most satisfactory in the study of diabetic 
persons, and were used to obtain data concerning every member All tests were 
conducted and blood specimens obtained early in the morning before the patients 
received breakfast Studies of cholesterol were also done in the hope that some 
additional information would be obtained concerning cholesterol metabolism and 
its value in the prognosis of diabetes, as indicated by the 2,000 estimations reported 
by Rabinowitch 10 

9 Diamond, J S The Value of Routine Estimations of Blood Bilirubin, 
4m J M Sc 176 321, 1928 

10 Rabinowitch, J M Cholesterol Content of Blood Plasma in Diabetes 
Mellitus, Arch Int Med 43 372 (March) 1929 
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The Wallace and Diamond 11 technic was used for estimations of urobilinogen 
A senes of accurate dilutions of urine was made, and only those readings were 
recorded that showed a definite pink color Warm water was used in diluting the 
urine, and the final reading was made five minutes after adding the Ehrlich 
reagent The specimens “xamined were usually portions of the preceding twenty- 
four hours’ output The urine was placed m covered mason jars containing toluol 
They v'ere kept in electrically operated refrigerators at 42 F It v r as found that 
when urine is exposed to heat and light the value of the test decreases propor- 
tionately with the time elapsing after voiding Samples examined soon alter 
urination, or at different periods of the day, rarely furnished information greatw* 
than that obtained from properly cared for tv'enty-four hour specimens A posi- 
tive reaction in urine diluted more than twenty times was considered abnoimal 

The bromsulphalein test as reported by Rosenthal and White 12 was found to 
be extremely satisfactory and without hazard of venous thrombosis or pro- 
longed discomfort to the patient A 5 per cent solution of 2 mg of the dye pei 
kilogram of body 'weight was slowly injected A 5 cc syringe was used and a 
twenty-four gage hypodermic needle, and when the injection was completed, about 
5 cc of blood was drawn into the syringe and reinjected, all of the dye being thus 
obtained and also the deposit of bromsulphalein about the wall of the vessel or 
adjacent tissues on withdrawal of the needle being prevented A specimen w r as 
obtained exactly thirty minutes later, and any retention was considered indicative 
of hepatic dysfunction 

The icterus index was computed according to the Beinheim method, 13 modified 
by Murphy 14 The test is easily performed, but unless extreme care is obsei \ ed 
in collecting blood specimens and obtaining the serum subsequently, it is impos- 
sible to make accurate estimations As a result of the large pigment content in the 
diabetic diet and the frequency of lipemia during the course of the disease, an 
accurate interpretation of the icterus index is often impossible It was found more 
satisfactory to dilute the serum before reading with a phosphate buffer (pa 7 4) 
than with physiologic solution of sodium chloride In my opinion, the icterus 
index is a less reliable test in diabetic patients than the quantitative van den Bergh 
test 

The qualitative van den Bergh test v r as read at the time of adding the diazo 
reagent to the serum, as directed in the quantitative method of Thannhauser and 
Anderson 15 The last procedure of their technic rvas modified by using cobalt 
standards in small test tubes and after centi ifugation withdrawing the supernatant 

t 

11 Wallace, G B, and Diamond, J S The Significance of Urobilinogen in 
the Urine as a Test for Liver Function, with a Description of a Simple Quantita- 
tive Method for Its Estimation, Arch Int Med 35 698 (June) 1925 

12 Rosenthal, S M , and White, E C Clinical Application of the Bromsul- 
phalein Test for Hepatic Function, JAMA 84 1112 (April 11) 1925 

13 Bernheim, A The Icterus Index (A Quantitative Estimation of Bili- 
rubinemia) , Aid in Diagnosis and Prognosis, J A M A 82 291 (Tan 26) 1924 

14 Murphy, W P An Easy Method of Estimating the Amount of Jaundice 
by Means of the Blood Serum, Boston M & S J 194 297 , 1926 

15 Thannhauser, J R, and Anderson, E Methodik der quantitatativen 
Bilirubin Bestimmung in menschhchen Serum, Deutsches Arch f klin Med 
137 179, 1921 
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fluid into similar test tubes and then reading rather than attempting a comparison 
in the centrifuge tubes 

Wallace and Diamond, 11 Eusterman, 10 Hall, 17 Piersol and Rothman, 18 
Giaham, Cole and Copher 10 and Foley 20 offei abundant data to indicate 
the value of these tests for the estimation of hepatic function and to aid 
m the interpretation of the results 

The normal lesults in the selected tests have been satisfactorily 
determined All investigate s agiee that the retention of any brom- 
sulphalem after thirty minutes should be considered abnormal and 
indicative of hepatic disease Foley 20 examined 100 persons from the 
outpatient depaitment of the Reseaich and Educational Hospital They 
v\eie apparently free from gross pathologic changes of the liver He 
stated, “Particular attention was taken to exclude cases in which a his- 
toiy of alcoholism oi syphilis was obtained ” Not one of these had 
any bromsulphalem retention after thirty minutes 

An icterus index reading of fiom 3 to 6 is accepted as the usual 
normal, and 99 per cent of Foley’s 20 cases had 6 or less 

A positive leaction for uiobihnogen in mine diluted twenty tunes 
is taken as the high normal Pieisol and Rothman 18 considered this 
the most delicate test for hepatic function and any elevation greatei than 
1 20 indicatne eithei of hepatic injury oi of excessive production of 
biln ubm 

The quantitative van den Bergh leaction is subject to greater vari- 
ations m interpretation as to noimal values The a\ erage lange is 
usually gn en as from 01 to 0 25 mg oi 0 3 mg pei hundred cubic 
centimeters Van den Bergh, 21 McNee, 22 Hall, 23 Ravdin 24 Roberts, 25 

16 Eusterman, G B Functional Tests of the Liver , a Clinical Review, Ann 
Int Med 1 53 (Aug ) 1927 

17 Hall, W W The van den Bergh Reaction for Serum Bilirubin, with 
Notes on Interpretation and Technique, J Lab & Clin Med 12 529, 1927 

18 Piersol, G M , and Rothman, M M The Practical Value of Liver Func- 
tion Tests, J A M A 91 1768 (Dec 8) 1928 

19 Graham, E A , Cole, W H , Copher, G H , and Moore, S Diseases of 
the Gall Bladder and Bile Ducts, Philadelphia, Lea & Febiger, 1928, pp 337-398 

20 Foley, E F Liver Function Tests, Arch Int Med 45 302 (Feb ) 1930 

21 a an den Bergh, A A H Jaundice, Brit M J 2 498 (Sept) 1924 

22 McNee, J W Jaundice, Review of Recent Work, Quart J Med 16 390, 
1923 

23 Hall, W W Useful Hepatic Function Tests, U, S Nav M Bull 24 
843, 1926 

24 Ravdin, E G Clinical Value of the a an den Bergh Test, Am J M Sc 
169 850, 1925 

25 Roberts, W LI Observations on the Nature of the van den Bergh 
Reaction Brit J Exper Path 9 107, 1928 



MEYER— HEPATIC FUNCTION IN DIABETES 


187 


And lews, 20 Andeison, 27 Rhamy 28 and Graham, Cole and Cophei 3 " 
agreed A\ith these figuies Perkin, 29 after examining 50 piesumably 
healthy peisons, decided that fiom 0 05 to 0 35 mg would include ah 
normal cases Diamond 9 gives fiom 0 2 to 0 4 mg Schiff, 30 after 
examining 202 persons, concluded that a leading over 0 6 mg is 
abnoimal and said, “When highei values aie quoted it is to care for 
cases of familial cholenna ” Rownti ee 01 and Greene, Snell and 
Walteis 32 gave from 0 2 to 1 mg and fiom 0 5 to 2 mg, i espectiveh 
as the noimal range In Foley’s 100 clinical cases, 71 pei cent showed 
less than 0 3 mg and 95 per cent less than 0 5 mg 

Appaienth there aie sufficient data to conclude that fiom 0 25 to 
0 3 mg ma} be safeh taken as the usual high noimal 

EXPERIMENTAL DATA 

After completing the investigations on the 100 diabetic patients 
thiee main groups, A, B and C, weie formed foi study and comparison 
Gioup A — The foity-eight membeis of group A aftoided neithci 
physical obsenations nor laboiatory evidence indicative of dysfunction 
of the livei 

Gi oup B — The thirteen patients of group B could have been 
included in group A if nine (subgioup B-l) had not shown a veiy slight 
retention of bromsulphalein This amount did not definitely measuie 
3 pei cent and was recorded as from 0 to 3 per cent, thus indicating that 
the amount was too small to be estimated accuiately and possibly would 
be ignoied b} some investigate s or classified as a tiace The remain- 
ing four (subgioup B-2) showed only an elevated van den Beigh 
■\alue Two had 0 4 mg and the others 0 5 mg As this was the only 
indication of hepatic dysfunction, it is probable that the leadings should 
not be consideied abnoimal in these cases 

26 Andrews, C H V Clinical Study of the van den Bergh Test in Jaundice, 
Quart J Med 18 19, 1924 

27 Anderson, J H Examination of the Blood for Bile Pigment, Lancet 2 
346, 1929 

28 Rhamv, B W Estimation of Bilirubin in the Blood as an Index of Liver 
Function, J Indiana M A 20 212, 1927 

29 Perkin, F S Blood Bilirubin, Estimation and Clinical Significance, Arch 
Int Med 40 195 (Aug) 1927 

30 Schiff, Leon Seruir Bilirubin in Health and in Disease, Arch Int Med 
40 800 (Dec ) 1927 

31 Rowntree, L G Our Present Knowledge of Test of Liver Function, 
Proc Inter-State Post-Grad M Assemb , North America, 1927, 3 475, 1928 

32 Greene, C H , Snell, A M, and Walters, Waltman Diseases of the 
Liver I A Survey of Tests for Hepatic Function, Arch Int Med 36 248 
(Aug) 1925 
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Gioup C — Fiom the thnty-nme patients in gioup C it was possible 
to obtain evidence indicative of hepatic dysfunction At least one test 
in each case gave a positive lesult 

The special table with the individual laboiatoiy data foi gioup A 
is omitted, as the results of all the tests employed in the estimation of 
the hepatic function weie intei preted as normal With foci of infection 
m teeth, tonsils and sinuses excluded, all pel sons in gioup A weie con- 
sidered as having uncomplicated diabetes melhtus, except as follows 
Patients 26 and 62 both had had cholecystectomies perfoimed fire reais 


Table 1 — Data on Patients in Gioup B 




G 

o 

fcfl 

G 




a 


5-i 

oH 

to 

G 

HH 

O 

u* 

r' 4 

O 

P 

D; 

o 

n 

o 

4 -> 

= 2 
o g 

§5 

o 

G 

ig^ 

S'O v 

As 

C 

~ ^ c 

C.G 

C 

Weight 


to 

O 

to 

o 

< o 

£ 5 

G 

s 

p to 

R'S’S 

to 44 

Eg 

Pa , * , 

tient Sex Age Lb Ixg 

3.2 

PA 

5 3 
DP 

Bio 

Mg 

.G 

Q 

°±* 

O 

5— ( 

to P Vt 

O > CJ 

K3P 

mS C m 
“ 3 ci ^ 

O 44 
u v 

pp 


Subgroup B 1 


17 

P 

45 

309 

1401 

0 

140 

145 

170 

None 

4 

31 

M 

71 

192 

871 

6 5 

13 

155 

140 

1 20 

6 

36 

M 

50 

132 

59 9 

1 

25 

120 

220 

1 10 

4 

37 

M 

51 

155 

70 3 

12 

20 

97 

250 

1 20 

6 

40 

P 

5a 

137 

021 

1 

54 

102 

135 

1 1 

6 

SO 

M 

57 

113 

513 

5 

5 

97 

240 

1 20 

6 

SI 

P 

6S 

152 

6S 9 

0 

9 

93 

235 

1 20 

4 

45 

P 

42 

123 

55 8 

1 

69 

130 

175 

1 1 

4 

SO 

M 

31 

99 

44 9 

05 

0 

96 

ISO 

1 1 

2 

Average 

52 

150 8 

712 

31 

37 2 

115 

193 8 

1 10 

46 







Subgroup B 2 
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Additional average results for subgroup B1 were urea nitrogen, 14 4 mg , carbon dioxide, 
32 4 hemoglobin, 13 2 Gin Wassercnann reactions, negativ c 

Additional average results for subgroup B 2 -were urea nitrogen, 14 1 mg , carbon dioxide, 
49 5, hemoglobin, 151 Gm , W'assermann reactions, negative 


prior to these tests Multiple calculi were piesent in each case 
Patient 26 was a woman, 43 yeais of age, m whom diabetes had been 
diagnosed three years after operation At the tune of examination she 
was apparently well and lequued ten units of insulin and a piescup- 
tion diet Patient 62 was a woman, 58 yeais of age in whom diabetes 
was diagnosed at the time of opeiation This patient had used extiemeh 
large doses of insulin for a year previous to the tests It was necessaiy 
to have her under constant obseivation to prevent acidosis wdnch was 
present five times prior to continuous hospitalization Patient 88 was 
a woman, aged 65, who entered the hospital with gangrene of the foot 
and it was necessary to amputate the thigh The tests w r ei e peiioimed 
just pnor to her depaituie from the hospital Patient 92 was a man, 
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20 )eais of age, who had advanced pulmonary tubeiculosis with cavity 
tormation m both upper lobes While m the hospital, he gained weight 
and impioved maikedly Patient 97 was a man, aged 41, who had had 
piogressive muscular distiophy for two years and apparently dui mg the 
past six months had shown some general impiovement Patient 99 was 
a woman, aged 47, who had used alcohol excessively for seveial yeais 
She had been tieated m the women’s psychopathic department foi three 
months pnoi to hei transference to the metabolic wards for stud) 

The mdnidual data in group B aie given m table 1 Patient 17 of 
this gioup was an extremely obese woman weighing 309 pounds 
(140 1 Ivg ) In addition to 140 units of insulin, she was taking 2 giams 
of thuoideum siccum daily Patient 45 was a woman, aged 42, who 

T vble 2 — Data on Patients in Gioup C — Subgionp 1 
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Additional arerage results veio urea nitrogen, 27 mg (high from three cases of nephritis), 
carbon dioxide, 10 7, hemoglobin, 12 0 Gm , albumin present in all specimens of urmc, Wasser 
in inn reaction, negntnc in all cases except no 50 

had an infected finger that was latei amputated She had a leukocyte 
count of oi ei 10,000 and lequired 69 units of insulin daily Patient 86 
was a man, aged 31, who had a severe form of xanthoma associated 
with piofound secondaiy anemia The hemoglobin was 101 Gm and 
the ei)tlnocytes 2,300,000 Patient 3 had been in coma hie tunes He 
was uncoopeiative and frequently failed to obseive his diet 

The that) -nine members of group C weie placed m two gioups 
C-l was composed of eleven patients, set en of whom showed clinical 
manifestations of hepatic dysfunction, one syphilis and thiee nephritis. 
Data on these aie given in table 2 C-2 included the remaining twenty- 

eight patients Not one of these affoided clinical evidence (except 
laboiatoiy) of hepatic injury It was impossible to demonstiate any 
complicating factor that could influence the tests for hepatic function 
For data concerning these patients, see table 3 
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In group C-l, the case of patient 5 was diagnosed as catanhal 
jaundice This condition appeared four months after the removal of 
infected teeth and tonsils, which was done with the hope of improving 
the diabetic condition The selected tests weie done fiequently, and 
theie was giadual improvement She was dischaiged four weeks after 
hospitalization and six weeks after the onset of jaundice At this time 
urobilinogen was present m a dilution of 1 50, theie was biomsulpha- 


Tabll 3 — Data on Gioup C — Subgioup 2 
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Additional aierage results vere urea nitrogen, 112 mg , carbon dioxide, 51 S, hemoglobin, 
13 3 Gm , Wa«scrmann reactions, all ncgatn c 


lein letention, 20 pei cent, the icteius index was 60, the van den Bergh 
reaction was biphasic and showed 3 mg of bilirubin, there was 190 mg 
of cholesterol 

Patient 35 was a man who had been in good health and appaiently 
free fiom diabetes He gave a history of symptomless jaundice which 
had been gradually increasing for thiee months At this penod, he 
entered the hospital, and it was found that 15 units of insulin weie 
necessary to control the hyperglycemia The various tests weie pei- 
formed frequently Theie was a total absence of urobilinogen, both m 
urine and in duodenal contents, at all times The last bromsulphalem test 
showed 65 per cent retention, the icterus index was 100, the van den 
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Bergh reaction was biphasic, and showed 10 mg of bihiubm An 
exploiatoiy operation showed an extensive carcinoma of the panci eas, 
causing complete occlusion of the biliary passages The autopsi foui 
weeks^latei corioboiated the operative diagnosis 

Patient 56 was a man who had had diabetes foi over three \eais 
He entered the hospital on account of a seveie nasal hemonhage He 
then also affoided clinical evidence of poital cirrhosis It was neces- 
sary to perform paiacentesis abdommalis three times He giaduallv 
impioved, and when dischaiged showed urobilinogen, 1 20, biom- 
sulphalem retention, 35 per cent, icterus index, 25, and \an den Beigh 
reaction, biphasic, and showed 1 5 mg of biluubm 

Patient 61 was unusually intei esting Eleven yeais befoie these 
studies, he entered the Philadelphia General Hospital with anasaica 
and a diagnosis of alcoholic cirrhosis was made He impioied 
Thiee yea is befoie these tests diabetes developed In Januai), 1929 
he had an amputation of the thigh for gangrene of the foot and leg 
He improved and was discharged to the metabolic clinic Jaundice 
fiist appeared on July 1, 1929 At this time, theie was no uiobilmogen 
m the urine, and the van den Bergh reaction was an immediate direct 
reaction, with 21 mg of biluubm Daily examinations showed little 
change until the sixth day, at which uiobilmogen could be detected m 
undiluted urine The van den Bergh test showed 15 mg of bilirubin 
On the twelfth day, uiobilmogen was piesent in a dilution of 1 20 
The van den Bergh reaction was biphasic, with 15 mg of bilirubin On 
Aug 2, 1929, Talma’s opeiation was performed and a section of the 
liver removed for stud) The pathologic report was adenoma of the 
parenchyma of the liver On October 22, urobilinogen was piesent 
1 100, there was 40 per cent retention of bromsulphalem , the icteius 
index was 6, the van den Beigh reaction, dnect, was negative, indnect, 
0 2 mg On Jan 7, 1930, the urobilinogen was present m a dilution 
of 1 10, there was 20 per cent retention of biomsulphalem , the icterus 
index was 8, the van den Bergh reaction was very faintly biphasic 
with 0 3 mg of biluubm At this time, the patient was chnicalh 
improved 

Patient 59 was a man who had been using alcohol to excess foi at 
least two years prior to entering the hospital The liver was palpable 
and definitely enlarged He also had oral sepsis and penpheial neuntis 
of the light foot and leg Treatment directed toward his diabetic condi- 
tion caused a gradual improvement At the end of ten weeks, he v as 
apparently normal, except for diabetes mellitus 

Patient 69 was a woman who entered the hospital for gallbladdei 
disease associated with jaundice The diabetic condition was discoveied 
prior to operation, at which carcinoma of the liver and bihaiv tract was 
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diagnosed Drainage was instituted, but the patient gradually suc- 
cumbed Death was undoubtedly hastened by multiple abscesses of the 
back 

Patient 98 was a woman who seven yeais previously had\.an ampu- 
tation of the bieast because of carcinoma Four years later, diabetes 
developed, which required 55 units of insulin daily She leturned to 
the hospital in December, 1929, on account of marked dyspnea Physical 
signs suggested carcinoma of the lungs This diagnosis was supported 
by loentgenograms, and also by the removal of a sanguineous pleuial 
effusion She felt improved and insisted on leaving the hospital Death 
occurred shortly thereafter, but it was impossible to obtain permission 
foi an autopsy Probably the liver also contained metastatic carcinoma 

Patient 50 had a severe grade of diabetes A year previously gan- 
giene of the foot and leg necessitated amputation of the thigh The 
patient had a tour plus Wasseimann reaction and furnished evidence 
peimittmg the diagnosis of tabes doi sabs 

Patient 12 had a severe nephritis in addition to diabetes The 
bromsulphalem and urobilinogen tests both }ielded positive results 
The ei}throcytes weie 2,500,000, the leukocvtes, 12,500 The hemo- 
globin content was 7 8 Gm Death occuned forty-eight hours after 
admission to the hospital 

Patients 13 and 90 also weie nephritic Studies of the liver were 
conducted at least two months after hospitalization At this time, the 
condition of the kidneys had markedly improved, and the diabetes was 
well controlled Patient 13 had the severei type of diabetes, and 
patient 90 showed gi eater lenal dysfunction The hemoglobin readings 
were 115 and 118, respectively It is interesting to note m this con- 
nection that the a an den Bergh readings were lower than normal m all 
of these nephritic persons with secondarj^ anemia 

The members of subgroup C-2 require only bnef comment They 
weie all well standardized and apparently free from complications at the 
tune of examination Seven patients, nos 18, 51, 70, 75, 77, 84 and 94, 
entered the hospital with gangienous feet and legs, and it was necessar} 
to pei form unilateral amputations of the thigh These patients all 
improAed rapidly, but none of them Avas studied until recoA^ery Avas 
piactically complete 

Patient 11 Avas jaundiced foi seA r en months about four years before 
these studies He Avas finally referred to the metabolic department AVith 
the diagnosis of diabetes mellitus and caicmoma of the lwer Under a 
strict diabetic regimen, he apparently leturned to normal (except for 
diabetes) and has been able to Avoik continuously as a hospital oiderly 
toi over three years It seems justifiable to assume that the diagnosis 
of carcinoma aa as an enoneous one 
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COMMENT 

The foity-eight membeis of group A ofteied neithei clinical mani- 
festations nor laboi atoi y evidence of hepatic dysfunction It w as expected 
that the studies of hepatic function in three of the cases (that of the 
alcoholic pel son and the two of patients who had cholecystectomies) 
would give positive obseivations, but these remained within a noimal 
lange Undoubtedly, the gieat size of the liver at all ages amply pio- 
vides for the numeious hepatic functions, and also aftoids a “factoi ot 
safety^” sufficient to care foi a considerable degiee of mjuiy , thus making 
the estimation of minimal hepatic dysfunction an unusually difficult 
pioblem It seems reasonable to assume that any evidence of damage 
to the liver when obtained by approved tests, caiefully pei formed, 
should be consideied of diagnostic import In addition, these studies 
wei e all conducted on patients using accuiately weighed piescription 
diets All weie fairly well standardized, and m gioup A all but one 
lequired insulin Jones, Castle, Mulholland and Bailey s concluded that 
the better the diabetes is conti oiled the less appaient hepatic dysfunction 
becomes This coincides with the impression gained m this senes 
Undoubtedly, the rigidly enfoiced legimen (embiacmg as it does a well 
balanced, nutritious diet, lich in vitamins, mmeials and base-pi oducmg 
foods, insulin as requued, proper rest and exercise, and geneial piophy- 
lactic and hygienic measures) contnbutes in a great measuie tow'aid 
hepatic legeneiation and the restoration of normal function 

In group B, the letentions of bromsulphalem, even though extiemely 
slight, might be consideied sufficient data to classify these patients as 
having hepatic dysfunction As the amount of dye letamed could not be 
accurately' measured, these patients, as well as those with only the 
slightly elevated van den Bergh leadings, will not be considered as 
showing definite hepatic dysfunction, but are piesented meiely foi con- 
sideration 

The thirty-nine patients in gioup C all furnished laboi atoiy data 
intei pretable as evidence of hepatic dysfunction As the purpose of the 
investigation was to deteimme hepatic function m relation to diabetes, 
eleven of these weie excluded Seven had definite manifestations of 
injury to the liver, the clinical diagnosis being catarrhal jaundice, 
carcinoma of the panel eas, adenoma of the liver, portal cnrhosis alco- 
holic cirrhosis, metastatic caicmoma of the lungs and In ei and caicmoma 
of the liver, lespectively Thiee others had a severe grade of nephntis 
and another syphilis 

The twenty-eight patients selected fiom group C aftoided no clinical 
manifestations of hepatic dysfunction, and it w'as impossible to detei- 
nnne any complicating factor besides diabetes, which could m am way 
influence the tests for hepatic function These patients appai ently fui msh 
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an index oi hepatic function in patients well tieated for diabetes melhtus 
The} were found to be older, to be only slightly heavier and to have a 
histon of longer duration than the membeis of group A Tlie average 
value of the blood sugar dunng fasting was highei, the insulin require- 
ment piactically identical and the cholesterol readings somewhat lower 
If 0 3 mg is taken as the high normal foi the van den Beigh read- 
ing, it is less delicate than the bromsulphalem test It exceeded 0 3 mg 
m nine cases As noted by othei mvestigatoi s, secondary anemia tends 
to pioduce a hypobilirubinemia 


T xble 4 — Summary of Data on Gioufis A, B, C-l and C-2 


Group A 

Group B 

Group C 1 

Group C 2 

Patients 

4S 

13 

11 

28 

Sexes 

25 M, 23 r 

7 11, 6 F 

5 M, 0 P 

19 M, 9 P 

Average age, yr 

Average weight, lb 

49 5 

501 

52 2 

52 2 

131 S 

152 7 

135 1 

133 

(59 8 Eg ) 

(09 3 Kg ) 

(01 25 Kg ) 

(GO 3 Kg ) 

Average duration of illness, yr 

27 

33 

1 2 

33 

Average insulin units 

33 3 

41 5 

257 

31 5 

Av erage blood dextrose, mg 

142 4 

147 3 

124 1 

159 7 

Average urea nitrogen, mg 

14 8 

14 5 

27 

14 2 

Average cholesterol, mg 

188 2 

183 2 

157 

173 3 

Average carbon dioxide 

51 4 

51 5 

49 7 

51 8 

Average hemoglobin, Gm 

13 5 

13 7 

12 0 

13 3 

Wassermann reactions 

All negative 

All negativ e 

10 negntive, 

All negative 




1 positive 


Average urobilinogen dilution 

1 14 

1 11 

1 105 

1 28 

Average icterus index 

57 

52 

35 5 

G 

Results, qualitative van den Bergh 

5 faint delaj 

0 faint delnj 

2 biphnsic 

13 faint delnj 

test 

43 negative 

7 negntive 

2 Immediate 

1G negative 




0 negntive 

4 

Average quanitativ e v an den Bergh 

0 17 

0 29 

4-1 

0 30 

test 

Vverage bromsulphalem retention, % 

0 

0-3 

29 8 

54 


In group A, liver function tests nil gave normnl results 

In group B, liver function tests nil gn\c normnl results, except possibly nine enses with 
from 0 to 3 per cent bromsulphulem retention nnd tow enses with vnn den Bergh results of 0 4 
mg nnd two vv ith 0 5 mg 

In group C 1, liver function tests (one or more) gave defimtelj positive results These enses 
nil presented demonstrnblc complications (seven clinical disense of liver, three nephritis, nnd one 
syphilis) 

In group C 2, h\er function tests (one or more) gave definitely positive results These enses 
presented no demonstrable complications or mil clinical manifestations of disense of the liver 
All were standardized 


l' 

The icterus index was found to be subject to gieatei personal error 
than the tan den Bergh test It was of \ alue only when the serum was 
free from hemolysis, and the lesults more neatly paralleled the van den 
Bergh readings when the phosphate buffer was used foi dilution It 
was greater than 6 m eight cases 

The urobilinogen test was found to be convenient, simple, practically 
free fiom personal error, nontime-consummg and of no annoyance to the 
patient It gave a lesult exceeding 1 20 in ten cases, and 1 10 in 
eighteen cases 

The bromsulphalem test usually showed some retention It was 
free from prolonged discomfort or hazard and easily performed It was 
found to give definitely positive results in twenty-one cases, and ques- 
tionably positive results (from 0 to 3 per cent) m three cases in which 
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the uiobilmogen and quantitative van den Beigh tests suggested hepatic 
d}sf unction The four otheis piesented no letention of dye, but all 
showed an increase of ui obilinogen Probably in one of these cases 
theie was also an abnormal reading for serum bilnubin, but in the 
1 emaindei the lesults were within the noimal range 

Appai ently m the case of standardized diabetic patients, the biom- 
sulphalem test will be found to give a positive result most fiequently 
In the stud} of hepatic function, it seems advisable to conduct a senes of 
complementaiy-. tests for the estimation of this function and to con elate 
caiefull} the clinical data befoie attempting their mterpi etation 

The cholesteiol leadings exceeded 170 mg in twehe cases, but it 
v as impossible to explain the significance of this elevation as related to 
hepatic function 

The data foi gioups A, B, C-l and C-2 aie found m table 4 

CONCLUSIONS 

1 Clinical and laboratoiy studies appai ently indicate that hepatic 
disfunction is a fiequent occuirence m diabetes melhtus Of the cases 
studied, 7 per cent showed both clinical and laboiatory evidence of 
hepatic d}sf unction, 28 per cent furnished only laboiatoiy data, 48 per 
cent veie without any abnoimal indications and an additional 13 pei cent 
gave only minimal or doubtful readings 
* 2 The oldei the patient and the longer the diabetes melhtus lemams 
unconti oiled the more fiequently hepatic dysfunction becomes demon- 
sti able 

3 Ei en though the bromsulphalem test was found to ueld positive 
lesults most fiequently, it seems advisable to conduct a senes of comple- 
mentaiy tests 

4 The study of these cases over an extended penod of tune created 
the nnpiession that the modern diabetic regimen materially aids m 
improving hepatic function and m conjunction with piopei preoperative 
and postoperative treatment peimits even diabetic patients with clinical 
manifestations of hepatic dysfunction to undeigo majoi suigical opera- 
tions with compai ative safety This study also showed that any patient 
m whom hepatic dvsf unction is demonstiated might advantageously be 
placed on a prescnption diet and a caieful seaich instituted foi evidence 
of latent oi potential diabetes 



INSUFFLATION OF COMPRESSED AIR IN THE 
TREATMENT FOR PNEUMONIA “ 


MINAS JOANNIDES, MD 

CHICAGO 

In a pievious study 1 it was noted that m the dog an mci eased mtia- 
pulmonic pressuie would lesult in interstitial emphjsema, acute pneu- 
mothoiax, pneumoperitoneum and an embolism It was found that 
an injected mti abronchially under increased pressure had little or 
no effect if a good outlet for it was supplied If, on the othei hand, 
there was an insufficient outlet 01 a complete blocking of the outflow 
of an, the lung expanded when the intrabionchial pressuie was raised 
between 20 and 35 mm of meicuiy When the piessure reached a point 
between 60 and 100 mm of mercuiy, invaiiably, the dogs showed the 
syndrome of interstitial emphysema, pneumothorax, pneumopei itoneum 
and air embolism These results w'ere obtained in dogs with normal and 
also with pneumonic lungs 

We have lepeatedly noticed that the pulmonan vessels can be 
emptied easily by inci easing the alveolar pressuie In fact, after sevei- 
mg the heait from its connections noth the pulmonaiy vessel, we 
have been able to wash out all the blood fi om the pulmonar} a essels bt 
allowing the inflow of compiessed ail into the lung The piessuie at 
which this air was blown into the lungs was just high enough to distend 
them to their optimum volume, but not to distend them to the point of 
maximum drumlike distention Under such conditions after the an was 
allowed to flow for a few' minutes, it was noticed that blood oozed slowly 
from the severed ends of the pulmonary vessels, and eventualh only ail 
came through When this point was reached, a surface stei eonncroscopic 
study of the lung showed a complete replacement of the blood by an in 
the smaller as v'ell as in the laiger vessels By filling the alveoli wath 
a fixing solution and then blowing air undei these conditions w e have 
been able to force this fluid from the alveoli into the pulmonary cir- 
culation without any apparent gross oi microscopic injury to the aheolar 
w'all 

AIR EMBOLISM 

The phenomenon of air embolism is probably moie frequent than is 
generally supposed We have repeatedly noticed an finding its ivay 

* Submitted for publication, July 21, 1930 

'From the Department of Surgery, College of Medicine, Umversitv of 
Illinois 

1 Joanmdes, M , and Tsoulos, G Experimental Production of Interstitial 
Emphysema and Air Embolism, Arch Surg 21 333 (Aug ) 1930 
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into the pulmonaiy vessels of the fiog when the animal stiuggled 
sufficiently during the noimal expansion of the lung to cause an 
increased inti apulmonic piessuie Undoubtedly the leason why the phe- 
nomenon is not recognized clinically is that small amounts of an in 
the cn culation aie well borne, but laige amounts, injected ovei a sboit 
penod of time, leaching the heait and finally some vital aiea of the 
brain, cause shock 01 tiansitoiy hemiplegia The so-called plemal 
shock pioduced dining the induction of artificial pneumothoiax has 
been definitely shown by Van Allen and his associates to be 1 elated to 
an embolism 2 

When a large amount of an leaches the heait, it comes in contact 
with the blood, which is a colloidal solution and has a tendenc) to 
emulsify much in the same manner as soap, so with each caidiac con- 
traction the blood is bioken up into smaller and smallci an bubbles 
and the animal dies of anoxemia and asphyxia Some of this emulsified 
blood finds its way into the geneial cn culation and theie it can be 
identified as an bubbles all along the couise of the vessels A good 
method for detei mining the piesence of an in the circulation is to 
nisei t a needle of a wide gage into the vein, and, as the blood is sucked 
into a s)imge, an bubbles if piesent in tbe vein, will be visible in 
the syunge A moie accuiate method of searching foi bubbles m the 
smallei vessels and capillanes is by means of a capillaiy micioscope 

Since it is easy to squeeze fluids into the pulmonaiy cu culation 
undei noimal conditions, we decided that it might be of value to ti) 
th'is method m the treatment of pneumonia In this disease it is en- 
dent that the exudates that aie pioduced in the alveolai wall follow 
the path of least lesistance and diam into the alveolai sac 3 4 In pneu- 
monia, legardless of the etiology oi the seventy we found that the 
steps m the development and couise of the disease aie no difteient 
than those m acute inflammation elsewhere m the bod) The diftei ences 
piesented aie those due to the peculiai stiuctuie of the lung ^ 

' CARDIOCIRCULA TORY COMPENSATION IN PNEUMONIA 

The lung is a veiy vasculai oigan, and the flow of the blood in the 
pulmonary vessels depends, among othei things, on the intei mittent 

2 Van Allen, C M , Hrdina, L S , and Clark, J Air Embolism from 
Pulmonaiv Vein Clinical and Expe imental Studj r Arch Surg 19 567 (Oct) 
1929 

3 Joanmdes, M , and Steinman, F The Mechanism of Pneumonia, Arch 
lilt Med 47 24 (Jan) 1931 

4 A detailed discussion appears in the article bi M Joanmdes and F 
Steinman (footnote 3) 
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expansion and contraction of the lung tissue When the lung 
becomes immobilized by external compression or internal drowning 
with exudate, it becomes fairly solid and loses its elasticity, so that 
little or no air enteis and leaves the lung during mspnation and 
expiration This immobilization of the lung has a definite effect on 
the circulation and the oxygen carrying capacity of the blood The 
circulation becomes impeded, the heart suffers fiom overwork and 
asphyxial changes, so that soonei 01 later the patient collapses because 
of the cardiac and circulatory decompensation In other woids, m pneu- 
monia, the patient needs a piopei cardiocirculatoiy compensation, a 
pioper supply of oxygen and the elimination of waste products accumu- 
lating m the blood stream as a lesult of asphyxia 

We noticed experimentally that the circulation in noimal dogs 
suffers definite changes coincident with the production of an open 
pneumothoiax Under noimal conditions the record of blood pressure 
m a dog, obtained by direct connection with the femoral artery, shows 
definite lespiratoiy waves These waves promptly disappear with the 
pioduction of open pneumothoiax, and if artificial respiration is not 
instituted, the amplitude of the wave becomes giadually shorter, 
eventually leaching a pulse pressuie of almost zeio At this point 
fiequently (for some reason as yet unexplainable) the blood coagu- 
lates m the cannula If the animal is let alone, the systolic pressuie 
takes a sudden drop much m the manner of the blood pressure m an 
animal dying fiom an oveidose of chlorofoim The heart at this 
point also shows a definite and quite constant bradycardia before it 
finally stops beating If such an animal is treated by means of aiti- 
ficial respiration at any stage of the cardiocirculatoiy collapse, the 
noimal respnatoij' waves aie again apparent in the record of the blood 
piessure, and the animal may be kept alive for as long as it is desued 
In the late stages of caidiac collapse, m which asphyxial bradycardia 
occurs just befoie the heait finally stops beating, it is necessary that 
artificial respuation be established When artificial respiration is insti- 
tuted, it is quite necessary that the flow of compressed air m the 
lungs be intermittent, and there should be a sufficient blocking of the 
outflow of air m the system of tubing to increase the mtrapulmonic 
pressure to a point between 20 and 35 mm of meicury for the dog 
The blocking of the outflow must be complete and just long enough 
so that the desued pressure is obtained The expanded lung thus 
fills up the thoiacic cavity, and at the same tune causes a slight bulging m 
the wall of the chest at the costal margin and m the anterior abdominal 
wall For measunng intrapulmonic pressure we have used a diaphragm 
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air piessure indicator furnished by Di A Littig, 5 chief anesthetist of 
the Illinois Research and Educational Hospitals 

It is obvious to those who do much woik under artificial lespna- 
tion that it is not necessaiy to use eithei puie oxygen 01 oxygen mixed 
with carbon dioxide Such a provision, at least in the experimental 
animal has been found unnecessaiy and expensive Ordinary com- 
pressed air has a sufficient amount of oxygen to take care ot the 
asphyxia The increased pressure, on the other hand, under pioper 
management, allows foi sufficient expansion and contraction of the 
lung to reinforce the heait and the circulation 

In pneumonia, a disease in which consolidation lesults from the 
drowning of the alveoli and the edema of the intci alveolar wall, the use 
of positive pressure in aitificial lespnation theoietically would be of 
definite benefit The increased inti apulmomc pressuie (from 20 to 35 
mm of mercuiy) will help to stretch and contract the mteralveolai wall 
It will also aid in squeezing some of the exudate fiom this wall into 
the circulation because the mteralveolai piessuie is now higher than 
the piessure of the blood in the pulmonary vessels Moreovei, some 
of the exudate m the alveolar space will find its way into the circula- 
tion Finally, the lung will get sufficient oxygenation to take caie 
of the anoxemia and asphyxia We tried this method m dogs when the 
animal was dying from pneumonia It w^as noticed that an animal so 
weak physically that one could barely see the respn atoi y movements, and 
to all appearances almost dead, began to bieathe noimally after artificial 
lespiration was established for fiom one to five minutes, and continued 
to do so for a period of from ten minutes to an hour before it again 
showed signs of collapse The rate of obstiucted outflow was fiom 
20 to 30 tunes per minute, and the intrapulmonic piessure varied fiom 
20 to 35 mm at the peak and fiom 5 to 10 mm of mercury when the 
outflow of ail was completely open 

The anatomic changes that occuned m the pneumonic lung aie of 
interest When the mtra-alveolar pressuie w^as mci eased m the dog 
to a point between 20 to 35 mm of mercuiy the liver-like, dark-coloied 
consolidated lung began to expand and to present a crepitating appear- 
ance and the color became pinkish led, but the vessels still stood out 
prominently When the lung was allowed to collapse it was no longer 
solid, but showed ciepitation and a less puiple color Microscopically, 
this lung showed alveolation just like that in the noimal lung, but definite 
changes m the alveolar surface and m the wall still persisted 

5 Littig, A Measurement of Positive Pressure Used in Gas Anesthesia 
Wisconsin M J 28 217 (May) 1929, Anesth & Analg 9 82 (March- April) 
1930 
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TECHNIC 

A buef description of the technic in the administration of the com- 
piessed air may he of value 

The compressed air obtained from a tank is connected to an air-tight mask 
by means of rubber tubing This tubing, by the use of T or Y glass or metal 
tubings, provides for an outlet and also for the connection to the Littig manom- 
eter 0 One provision is essential, namely, that the diameter of the tubing at the 
outlet of air should be the same, or even greater, than the diameter of the tubing 
attached to the mask For the mask, half-inch tubing is best For the attach- 
ment to the Littig manometer, a tubing one- fourth inch in diameter is sufficient 
The compressed air is now allowed to lun into the lungs of the animal, and the 
pressure is adjusted to a point of 5 or 10 mm of mercury with the outflow com- 
pletely open The outflow is now completely closed with the finger until the 
animal shows a bulge in the antenor abdominal level and at the costal margin 
This occurs coincidentally with the rise of the intrapulmonic air pressure to from 
20 to 35 mm of mercurj r The outflow is now released, and one sees a collapse 
of the thoracic and abdominal wall The length of complete closure m the out- 
flow until expansion of the lung takes place varies with the initial pressure 
When this initial pressure is high, the expansion occurs faster, and the mtra- 
pulmomc pressure varies from 25 to 35 mm of mercun Care must be taken 
not to increase the pressure too long or too high, because the sjndrome of 
interstitial emphysema results 1 At times the stomach may become greatly dis- 
tended with air during this treatment Such distention is distressing to the 
patient, and it interferes with the respiratory excursion of the diaphragm It is 
best treated by the passage of a stomach tube to a point beyond the cardia in 
which obstruction occurs 6 7 

At the present time these studies have been limited to the dog The 
exact piessuie at which the human lung expands is now being measuied 
A clinical trial will he made as soon as the optimum piessuie is obtained 

SOM MARI 

1 Inci eased mtia-alveolai piessuie, when excessne, produces intei - 
stitial and mediastinal emphysema, pneumothorax, pneumoperitoneum 
and air embolism 

2 Inci eased mtra-ah eolai piessuie causes emptying of the pul- 
monaiy vessels when seteied fiom the heart 

3 In pneumonia, the alveoli aie di owned with exudate coming fiom 
the intei alveolar wall and the alveolai sui face 

4 Caidiocnculatoiy collapse follows the consolidation and immobili- 
zation of the lung, which causes stasis because of the absence of 
intei mittent expansion and conti action 

6 Littig (footnote 5, first reference) 

7 Joannides, M Surgeiv of the lung Care of the Stump in Pneuvnectorm 
and in Lobectomv Arch Surg 17 91 (Juh) 1928 The Relation of the Hiatus 
Esophageus of the Diaphragm to the Stomach, 4rcb Tnt Med 43 61 (Jan ) 1929 
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5 The heart and the circulation unproved when intermittent aiti- 
ficial lespiration was instituted in pneumonic lungs as well as m open 
pneumothorax 

6 A pressuie of from 20 to 35 mm of meicuiy is sufficient to 
cause complete expansion of the noimal as well as of the pathologic lung 

7 Compressed an selves the purpose of aitificial lespnation safely 
and inexpensively It is not* necessai y to use puie oxjgen or a combin- 
ation of oxygen and carbon dioxide 

8 The outflow of the air is impoitant, because it legulates the 
degiee of pressure m the lung, the amount of air blown in, the degiee 
of lung expansion and the prevention of the interstitial emphysema syn- 
drome 

9 Pneumonic, consolidated, dai'k-colored lungs when subjected to 
increased mtrapulmomc air pressure either inside oi outside of the 
body became ciepitatmg and pinkish led again 



THE COMPARATIVE CHANGES IN GASTRIC ACIDITY 
AND URINARY REACTION AFTER THE 
INJECTION OF HISTAMINE ! 

MILTON J MATZNER, MD 

AND 

IRVING GRAY, MD 

BROOKLYN 

In a pie\ious communication , 1 we discussed the advantages of a test 
combining analysis of gastnc contents with estimation of urinary acidity 
as a method of obtaining moie controlled lesults in the determination of 
gastnc acidity 

It has been known that persons having lelatively normal gastnc 
secietion are prone to have less acid urine after meals, a phenomenon 
commonly referred to as the “alkaline tide ” On the other hand, a 
relative fixation of the ui inary leaction has been shown to exist in 
patients with tiue achloihydna These obseivations were lecently 
confirmed by Hubbard and his co-workers ln and by Baehr , 2 Davis 3 and 
others 

We decided to emplo} histamine as the gastric stimulant m oui 
studies Histamine has been recognized as the most lehable gastnc 
stimulant for hydrochloric acid by numerous workers, particulaily 
Andresen 4 and Gompeitz and Voihaus 5 Ackman G was particularly 
interested m studying the relationship between the gastric acidity and 
the hydrogen ion concentration of the urine after the injection of his- 
tamine It occurred to us to employ this principle of the relationship 
between the gastric acidity and the true urinary acidity (/> H ) m a 
clinical secietory test with histamine as the gastnc stimulant 

METHOD OF PROCEDURE 

The patient was requested to urinate at 6 30 a m , emptying the bladder as 
completely as possible This was done again at 8 30 a m , and the hydrogen ion 
concentration ( pn ) of the second specimen was determined immediately 

Submitted for publication, June 23, 1930 

* From the Gastro-Intestmal Department, Jewish Hospital 

1 Matzner, M J , and Gray, I A Critique of Present Methods for the Stud) 
of Gastric Acidity, Arch Int Med 47 58 (Jan ) 1931 

la Hubbard, R S , Munford, S A , and Allen, E G Am J Physiol 
68 207, 1924 

2 Baehr, G Bull New York Acad Med 3 419, 1927 

3 Davis, D T Brit J Exper Path 10 1 (Feb ) 1929 

4 Andresen, A F R Tr Am Gastro-Enterol A , 1926, p 53 

5 Gompertz, L M , and Vorhaus, M G J Lab & Clin Med 11 14 (Oct) 

1925 

6 Ackman, F D Canad M A J 15 1099, 1925 
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A Rehfuss tube was passed about 9 a m, and the contents of the fasting 
stomach were extracted The stomach was lavaged with water until a clear return 
was obtained Immediately thereafter from 0 25 to 0 5 mg of histamine was 
injected subcutaneously Gastric extractions were made every hour o\er a 
period of from three to five hours The patient was instructed to empty the 
bladder completely at each urination The gastric specimens were quantitatively 
analyzed for free and total acidity 

The hydrogen ion concentration of the urine On) was immediately determined 
with the Iiellige comparator 7 This method is extremely simple and in contra- 
distinction to other methods lends itself readily to clinical use The detei ruina- 
tion can be made in a few minutes 

Care was exercised in this study to prevent errors from variations in the 
respiratory exchange The patient was kept as nearly at absolute rest as possible 
throughout the test We essentially adopted the practice of Hubbard, Munford 
and Allen, 1 of accepting as evidence of an alkaline tide a change of pa of 1 m 
one specimen or of 0 5 pa in two specimens These authors found that if this 
criterion was accepted, the results of the urinary test failed to agree with the 
results of the fractional gastric analysis in about 20 per cent of all the determina- 
tions carried out 

RESULTS 

We employed this method in a study of twenty-five patients Not 
more than 50 per cent of our patients who had fiee hydiochlonc acid 
m the gastnc exti actions after the injection of histamine had a definite 
urinary alkaline tide Our results may be classified as follows 

Group 1 Patients with free hydiochlonc acid and definite unnaiy 
alkaline tide, 6 In this group, after the injection of histamine, free 
hydrochlonc acid was demonstiated m the exti acted gastric specimens, 
while the development of a definite alkaline tide was shown by the 
unnaiy tests 

Group 2 Patients with fiee hydiochlonc acid and no unnaiy alka- 
line tide, 6 In this gioup, fiee hydiochlonc acid was demonstrated in 
the extracted gastnc specimens However, in conti adistmction to the 
patients of gioup 1, these patients did not show a definite ui inary alka- 
line tide 

Group 3 Patients with no fiee hydiochlonc acid and no uiinait 
alkaline tide, 12 In this group, fiee hydrohclonc acid was not demon- 
stiated in the extracted gastnc specimens after the injection of his- 
tamine A simultaneous study of the urine showed a relative fixation 
of the unnaiy reaction (no alkaline tide) 

Group 4 Patients with no free hydrochlonc acid and a definite 
alkaline tide, 1 This patient, J C , a man, aged 58, was admitted to 
the gastro-mtestmal service of Dr living Gray, with a history of 
anorexia, gradual loss of weight and progiessive dysphagia The “com- 
bined test” showed the following discrepancy a definite urinary alkaline 
tide but no free hydrochlonc acid in the extracted specimens 

7 The apparatus can be obtained from Eimer and Amend New York 
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In seeking an explanation for the discrepancy between the gastnc 
analysis and the urinary alkaline tide, it was surmised that the Rehfuss 
tube might be coiled up in the esophagus, owing to an obstruction at its 
lower end If this weie so, oui analyses weie esophageal rather than 
gastric Immediate fluoroscopic examination with the Rehfuss tube in 
sutu was done These examinations definitely demonstiated the 
Rehfuss tube coiled up in the esophagus The discrepancy between the 
gastric anal) sis and the urinary alkaline tide was thus readily explained 


Table 1 — Results of “Combined Test ” m Group 2 




Maximum 
Gastric Acidity 





Name 

J h 

Clinical 

Free 

HU 

GO 

Total ' 
Acidity 

70 


pn of Urine 


Neurosis 

9 SO a m 
pu 5 

10 10 a m 
pu 5 

11 a m 
Pn 5 

12 30 p m 
pit 4 8 

K B 

Duodenal ulcoi > 

IS 

24 

0 a m 
pn 4 8 

9 55 am 
pn 5 

11 05 a m 
Pn 5 

12 m 

Pn 5 

A F 

Duodenal ultor 

70 

79 

9 30 a m 
pu 5 

10 30 n m 
pit 5 

11 15 a m 
pit 5 

2pm 

Pi! 5 2 

J S 

Neurosis 

11 

18 

9 40 am 
p n 5 

10 30 a m 
Pn 5 

11 45 a m 
Pn 5 2 

2pm 

Pu 5 2 

B D 

Duodenal ulcer 

73 

78 

9 15 a m 
pn 5 

10 15 n m 
P n 5 

11 a m 
Pn 5 

12 30 p m 

Pn 4 S 

0 D 

Neurosis 

30 

34 

9 11 a m 
pn 7 2 

10 15 a m 
pn 7 2 

11 23 a m 
pn 7 4 

12 30 p m 

Pn 7 


Table 2 — 

-Results of “Combined Test” 

in the Case of J 

C 






Gastric Amljsis 


Time 



Tree HC1 Total Acidity 

Urinarj pn 

9 30 am 




0 

2 

52 

10 00 

a m 




0 

4 

52 

10 SO a m 



f 

0 

o 

GS 

11 SO 

a m 




0 

4 

GS 


COMMENT 

Not more than 50 per cent of the patients m whose gastnc exti ac- 
tions we weie able to demonstiate fiee hydrochlonc acid aftei the 
subcutaneous injection of histamine had a definite urinaiy alkaline tide 
Several considerations suggest themselves to explain this appaient 
discrepancy Fust, it is known that histamine causes an inci eased 
secretion of bile and of alkaline intestinal juices This simultaneous 
alkaline intestinal secietion might be sufficient at times to offset oi to 
neutralize the effect of the secietion of hydrochloric acid into the 
stomach Second, while the stimulus of histamine for gastric secietion 
is maximum, it is usually not of long duiation The total quantity of 
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hydrochlouc acid secieted ma> thus not always be sufficient to cause an 
appieciable change m the uiinaiy leaction 

Kaudeis, Poiges and Essen* 3 diew attention to a gioup of patients 
with hypei seci etion (Reichmann’s disease), who m then opinion aie less 
apt to have an alkaline tide aftei a test meal, because then gasti ic acidit} 
values are piactically maximum tlnoughout the da} and less hkelv to 
use appreciably aftei a test meal 

Hubbaid 8 9 lecently emphasized that the investigation of the uiinaiy 
alkaline tide should be done seveial houis after the patient’s waking 
The libeiation of the caibon dioxide stoied up dui mg the night might 
he sufficient in itself to exeit an influence on the uiinaiy leaction We 
have taken this piecaution in oui studies 

We gained the impression fiom Ackman’s G studies that his patients 
also leceived bieakfast on the morning that histamine was injected Of 
couise if that weie so, a satisfactory explanation would be at hand for 
the gi eater percentage of uiinaiy alkaline tides leported in his corn- 
pi ehensive investigation of the effect of histamine on the uiinaiy alka- 
line tide 

The fact that not moie than 50 pei cent of our patients m whose 
gasti ic extractions fiee hydi ochloric acid was demonstiated aftei the 
subcutaneous injection of histamine had a definite uiinaiy alkaline tide 
led us to abandon histamine as the gasti ic stimulant m the “combined 
test” We aie employing bouillon (one Steei o cube m a cup of waim 
water) at piesent, and our lesults will be published in a subsequent 
papei 

SUMMARY 

1 The advantages of a test combining gasti ic analysis and estima- 
tion of urmaiy acidity (alkaline tide) are discussed 

2 Histamine was employed as the gasti ic stimulant 

3 Not more than 50 per cent of the patients m whose gasti ic exti ac- 
tions fiee hydiochlouc acid could be demonstiated after the injection 
of histamine had a definite urmaiy alkaline tide 

4 The use of histamine as the gasti ic stimulant in studies of the 
uiinaiy alkaline tide has been discontinued Moie favorable expen- 
ences with Steei o bouillon as the gastric stimulant in oui studies of the 
uimary alkaline tide will be lepoited m a subsequent paper 

8 ICauders, F , Porges, O , and Essen, H Deutsche med Wchnschr 47 
1415 (Nov 24) 1921 

9 Plubbard, R S T Biol Cliem 84 191 (Oct) 1929 



NORMAL VARIATIONS IN ERYTHROCYTE AND 
HEMOGLOBIN VALUES IN WOMEN " 

CHRISTIANNA SMITH, PhD 

SOUTH HADLEY, MASS 

Red blood cell counts and hemoglobin determinations have been 
thought by some investigators to fluctuate but little m an individual 
during the day and by others to show lai ge vai lations As it is important 
to know whethei isolated counts should be considered in relation to the 
time of day of the count and the activity of the person, this study was 
initiated to determine the variations of erythrocytes and hemoglobin 
values during short periods of time It was found that with accurate 
technic, the red blood corpuscles and the hemoglobin determinations 
remain remarkably constant dm mg the day, and that theie are no 
significant changes due to lest, moderate activity or food Real differ- 
ences may occur, however, between counts for sepai ate days and between 
averages for longer periods of time 

TOTAL COUNTS OF ERYTHROCYTES 

T 'c clinic — The inaccuracy that may attend blood counting has invali- 
dated many experiments in which this technic has been used Krumb- 
haai 1 (1928) stated that there aie sixteen sources of error m making 
total counts which “if all weie cumulative might easily produce a total 
error of moie than 40 per cent without any one item passing a reason- 
able ‘limit of erroi ’ ” In European hematologic work simple statistical 
methods have been used to aid m testing the accuracy of the technician 
and to determine the significance of results, but m this country only a 
few of the more lecent papers have tieated data in this way (table 1) 

“ Submitted for publication, June 9, 1930 

^ Aided by a grant for the year 1929 from the American Association for the 
Advancement of Science 

* The author was assisted by V Apgar, M Harland, K ICunipf, M Porter, 
M Prest, P Rasquin and H Vera 

+ From the Walter H Mernam Laboratory, Department of Zoology, Mount 
Holyoke College, South Hadley, Mass , and the Biological Laboratory, Cold 
Spring Harbor, L I 

1 Krumbhaar, E B , m Cowdry, E V Special Cytology, New York, Paul 
B Hoeber, Inc, 1928, p 284 
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Because it seemed necessary to have some definite procedure b) which 
the accuracy of the technician could be tested, the following method has 
been used throughout this investigation Fust each operator counted 
the cells in 10 or 20 drops from the same pipet until the coefficient of 


Table 1 — Detei mmations of Enoi Inhacnt in the Tcchmc 


Author 

Date 

Coefficient of 
Variation, 
per Cent 

Method 

Vierordt, K Arch f physiol Hcilk 

11 SGS, 1S52 

1S52 

2 30 

9 series, 30 counts dilTerent d i\ s 

Welcher, H Prag Vrtljschr f d 
prakt Heilh , 1854, p 25 

1854 

1 so 

2 series, 14 counts 

Reinert, E Die Zahlung der Blutkor 
perchen und deren Bedeutung fur 
diagnose und Therapie, Leipzig, 

P 0 W Vogel 

1891 

2 97 

3 00 

5 drops from the same pipet 
sufficiently accurate value 

Burker, K Munchen mod Wchnschr 

59 89, 1912 

1912 

1 8 

7 consecutive days, 4 times 80 
squares each day 

Jorgensen, G Ugesk f 1 Tiger 75 
1753, 1913 

1913 

2 5 


Terhola, L Arch i Gynak 7 O'! 115 , 
1914 

1014 

29 

34 

For single determinations 

9 series, 41 counts 

Bing, II I Ugesk f keger 81 1483, 
1919 

1919 

2 3 


Craandyk, M M Polia haemat 23 

11, 191S 1919 

1918 1919 

31, 34 

6 days, 7 duplicate counts 

Hansen, K M Ugesk f Iceger 81 
1281, 1919 

1919 

1 73, 2 17 


Bicrring, K Ugesk f keger 82 
1445, 1920 

1920 

32 


Peucht, B Arch f d ges Phjsiol 
187 139, 1921 

1921 

148 

30 counts ivithin 5 dais 

Emerson, 0 P Clinical Diagnosis, 
Philadelphia, J B Lippmcott 
Company 

1921 

estimated 2 0 

4 0 

In counting 

includes physiologic v in uions 

Mayers, L H Arch Int Med 30 

478 (Oct ) 1922 

1922 

0 2 

4 75 

5 counts in 7 hours 

7 consecutive dajs 

Rud, E J Acta med Scandinav 57 

142, 1922 1923 

1922 1923 

1 IS to 2 03 

10 determinations, 3 c uies 

Brandt, T Polia haemat 32 177, 
1920 

1926 

23 

10 determinations 

Laseh and Billich Ztschi f d ges 
exper Med 48 651, 1925 1926 

1926 

20 

G drops same mixture 

Osgood, E E Arch Int Med 37 

685 (May) 1926 

1920 

n 

o 

Maximum experimental error 

Ponder and Millar Quart J Exper 

192S 

5 

Maximum experiment il eiror 


Physiol 10 141, 192b 


variation was at least less than 3 pei cent Then 10 or 20 drops from 
each of two pipets from the same drop of blood were counted until the 
diffeience between the two means was considered insignificant accoid- 
mg to its probable error Previously it has been thought that successn e 
drops from the same pipet would not hat e the same cell content because 
the an bubbles present would have influenced the distubution of the 
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cells (Komocki, 2 1924) In this work little diff ei ence was found 
between successive drops when accuiate manipulation has been attained 
Successful results were obtained only aftei lcpcated practice periods, 
the length of time depending on the person 

For the definition of tenns and foi the foimulas and then use, lefer- 
ence may be made to anv of the standaid textbooks on statistical 
methods, but it seems desnable to specify the few used m this work 


a = arithmetical mean or average 
d = deviation of an item from the mean 
n — number of items 

standard deviation = 


Isum of d- 


standard de\ nhon 


coefficient of variation = 

probable error of mean = 
probable error of standard deviation = 



X100 


large n 
0 6745a 

VlT 

0 6745cr 


V 2 (n-1 ) 

, , , r rr 0 674S C % 

probable error of coefficient of variation — 


V 2(n— 1) 


0 6745(X 
V 2n 

0 6745 c \ 
V2n 


The value of the method piesented in table 2 as a measure foi 
testing the accuiacy of the technician eithei m the tiaming of new 
woikers 01 m the tenfying of the exactness of old woikers who have 
had long or short mtei 1 uptions can be seen by examining the lesults 
obtained by technicians A and D in table 3 lechnician D had done 
no blood counting until two weeks pievious to the series repoited heie, 
and within that time hei efficiency mci eased steadily As her opeia- 
tions became more exact, the distubution of cells became more even 
and the coefficient of vanation correspondingly less This pioceduie 
may be applied to woik involving total white counts and hemoglobin 
determinations 

In summary, the following statements 111 a) be made concerning the 
advantages of applying simple statistical methods to the appraisal of 
technical efficiency in blood counting 

1 The coefficient of vanation foi the cells counted from one pipet 
has a definite meaning It is the measuie of the distribution of the 
cells after the pipet has been filled In red counts a coefficient of from 


2 Komocki, W Ueber die Zahl der roten Blutkorperchen bei gesunden 
ervachsenen Menschen Virchous Arch f path Anat 253 386, 1924 



Table 2 — Method of Dctci imitation of ,hc Coefficients of l' at ml ton and of tin 
Significance of the Diffci cnee Between Two Pipeis (7 i n Count v fi om Eat h ) 




d 

d 2 

1 

431 

+S 

04 

2 

423 

+2 

4 

3 

415 

— S 

G4 

i 

420 

Q 

— O 

9 

5 

427 

+4 

1G 

G 

427 

+4 

1G 

7 

425 

+2 

4 

8 

42G 

+3 

9 

0 

422 

—1 

1 

10 

417 

—0 

3G 



+23 —IS 

223 


+2 

3 —IS 5 


d' = 

— — — 


= 0 5 


10 10 


Pipit D3 




Probable error of i 


10 
0 071 >cr 


0 T> = i 7 
0 0713 (1 71 


• = 1 0 >(. 


\/n — 1 

0 0741 a 0 07i"> (17) 

Probable error of cr = = — 07 i! 

V- (n — 1) 12 

0 0741 c v 0 074". (1 1) 

Probable error ofc v = — = = 0 1 7(. 

V2 (n — 1) 4 2 


a = 123 J 0 0 = 423 5 ± 1 010 
a — 4 7 ± 0 754 

e v = 11% ±0 2% 

Number of cells in a cubic millimeter = y 10,000 

a — 4,225,000 ± 11,000 
<r = 47,000 ± 8,000 

C v = 1 1% ± 0 2% 


Pipet D4 

a - 4,223,000 ± 12,000 
g = 53,000 ± 9,000 

C v = 1 3% ±0 2% 


Probable Error of the Difference Between Two Pipets 


Probable error (4,235 — 4,223) = Vll.000 2 + 12,0002 = V205, 000,000 = 10,000 T In 
difference, 12,000, is less than its probable error, 10,000, and therefore it is not signtfh ant 
“Unless a deviation is more than four times its probable error, there is no great reason foi 
thinking it may not result from pure chance” (Gavett, G I A First Course in Statistic il 
Mcthbd, New York, McGraw Hill, 1925, p 183) 


* In this table, 431, etc = number of cells counted in SO small squares n = 10 d = 
deviation from assumed average a' ta assumed average = 423 a = averiM or uitliinclie 
mean d' = deviation of average (a) from assumed average (o') 


Tabll 3 — Total Red Counts Cells pet Cubic Millimctci (in 7 houiands) , 

Onqinal Data Table 13 


Tech 


Probable 

Standard 

nitisn 

Mean 

Error 

Deviation 

C 1 

4.G39 

±17 

110 

2 

4,273 

±15 

99 

3 

4,47b 

±15 

100 

A 1 

4,355 

±26 

170 

2 

4,286 

±19 

125 

3 

4,130 

±14 

°0 

4 

4,038 

±18 

11G 

5 

4,354 

±13 

S3 

G 

4.25G 

±10 

74 

D 1 

4,770 

±18 

82 

2 

4,G79 

±13 

C3 

3* 

4,235 

-Ml 

47 

4* 

4,223 

±12 

53 

F 1 

3,928 

— 5 

24 

2 

3.89S 

— 4 

17 

3t 

3,935 

2 

S 

4f 

3,931 

2 

7 



Coefficient of 

Probable 


Probable 

Variation, 

Error, 

No Drops 

Error 

per Cent 

per Cent 

from Pip< t 

±12 

2 3 

±0 3 

20 

±11 

2 3 

±0 3 

20 

±11 

2 2 

±0 2 

20 

±1S 

39 

±0 4 

20 

-4-14 

2 9 

±0 3 

20 

±10 

2 2 

-1-0 2 

20 

-1-13 

29 

+0 ° 

20 

± 0 

1 9 

±0 2 

20 

± 7 

1 7 

±0 2 

20 

±13 

1 7 

+0 3 

10 

-4- 9 

1 3 

±0 2 

12 

± s 

1 1 

±0 2 

10 

— f- 9 

1 3 

±0 2 

10 

— 4 

00 

—0 1 

10 

— 3 

0 4 

-0 1 

10 

— 1 

02 

-0 03 

10 

— 1 

02 

— 0 03 

10 


' Do and D 4 ire tvv o pipets from the same drop of blood 
f F3 and F4 are two pipets from the same drop of blood 




210 


ARCHIVES OF INTERNAL MEDICINE 


3 to 4 per cent is an index of fanly good technic when 20 drops are 
counted from the same pipet, but less than 3 pei cent should be attained 
Adequate shaking of the pipet and even distribution of the cells m 
the counting chambers aie the necessary piei eqiusites 

2 The size of the difference between the means of cells counted 
fiom two pipets from the same diop of blood is influenced by the tak- 
ing and the diluting of the blood as well as by the distnbution of the 
cells m the counting chambers The means will approach each other 
as the technic becomes more accurate, and the difference should never 
be more than three times its probable eiror The definiteness of this 
method, m which the technician checks himself, is to be preferred to 
one m which a second person counts from the same drop It also 
excludes any consideration of the time of day or of physiologic varia- 
tions between practice periods if counts are made on different days 

Method — Total counts were made with United States certified pipets and 
counting chambers on drops of blood from the finger tip Hayem’s fluid was 
the diluent Two drops were counted from each pipet, or 160 small squares m 
all Most of the data were obtained from women at half hour or hour intervals 
during eight hour periods on different days between the menses All were in 
good health, although both the blood counts and hemoglobin determinations were 
low when compared with the normal standards The investigation was purposely 
limited to a few people, because the aim was to study the daily variations pi a 
small number of persons rather than scattered ones on many 

Obseivations — Affiliations in total counts from 8 a m through 3 
p m were as follows (table 4, chait 1) 

4 series 16 counts active (1,2,3,10) 

10 series 8 counts actne (4-9,11-14) 

1 series 16 counts inactive 20 
7 series 8 counts inactive (15-19,21,22) 

22 series total 

Results — Other data that had been accumulated earlier m the study 
weie discarded because the enois were too large All data, however, 
led to the conclusion that the red blood corpuscles remain almost con- 
stant m number during the day, and that the coefficient of vanation for 
the day corresponds closely to the value previously obtained by the 
technician for the cells within the pipet The accuracy of the technician 
should therefore always be known befoie conclusions aie drawn con- 
cerning variations m total counts 

No difference is appaient between moderately active days and inac- 
tive ones for theie is as much difference between two days of activity 
oi two days of rest foi the same person as between one of activity 
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and one of rest Activity has meant in these cases counting, writing 
and typewriting, and inactivity, rest m bed Table 4 and chart 1 show 
how closely these days resemble each other Although afternoon 

Table 4 — Total Red Blood Cell Counts (in Thousands) 


8am Through 3pm Active (1 14) Inactive (15 22) Original Data Table 11 


Coefficient of Probable 


Tech 

Sub 



Probable Standard 

Probable "Variation, 

Error, 

Mim 

nician 

ject 

Date 

Mean 

Error 

Deviation 

Error 

per Cent 

per Cent 

her 

1 

A 

A 

2/16/29 

3,953 

±19 

109 

±13 

28 

±0 3 

1G 

2 



2/17/29 

4,005 

±21 

120 

±15 

30 

+0 4 

1C 

3 



2/22/29 

4,128 

±24 

137 

±17 

33 

+0 4 

10 

4 

D 

B 

7/27/29 

4,281 

±17 

66 

±12 

1 5 

±0 3 

8 

5 



8/ 6/29 

4,278 

±10 

38 

+ 7 

09 

+0 2 

8 

C 

D 

D 

12/ 1/29 

4,131 

±14 

54 

±10 

1 3 

±0 2 

8 

7 



11/ 3/29 

4,364 

± 5 

21 

± 4 

05 

±0 1 

8 

8 

F 

D 

5/11/30 

4,243 

± 5 

21 

± 4 

05 

±01 

8 

9 



5/16/30 

4,230 

± 4 

15 

± 3 

04 

±0 1 

8 

10 

C 

E 

2/16/29 

4,596 

±17 

99 

+12 

2 2 

±0 3 

16 

11 

r 

G 

2/16/30 

4,603 

±21 

81 

±15 

1 8 

+03 

8 

12 



3/ 2/30 

4,510 

±16 

62 

±11 

1 4 

±0 3 

8 

13 



3/ 9/30 

4,405 

±15 

57 

±10 

1 3 

±02 

8 

14 



5/11/30 

4,543 

±11 

41 

± 7 

09 

±0 2 

S 

15 

A 

B 

5/21/29 

4,380 

±14 

53 

±10 

12 

+02 

8 

1G 



5/27/29 

4,491 

±22 

84 

±15 

1 9 

±0 3 

S 

17 

D 

B 

7/22/29 

4,295 

±23 

90 

±16 

21 

±0 4 

S 

18 



7/28/29 

4,255 

±16 

60 

±11 

1 4 

+0 3 

s 

19 



8/ 1/29 

4,248 

± 7 

28 

± 5 

0 7 

±0 1 

s 

20 

A 

E 

5/ 5/29 

4,213 

±15 

84 

±10 

20 

+0 2 

16 

21 



6/ 4/29 

4,123 

±20 

7b 

±14 

IS 

+03 

8 

•22 



6/ 5/29 

4,175 

+24 

94 

±17 

2 3 

+0 4 

8 



4 

p m Through 11 p m 

Active (27 32, 34 37) Inactive (23 26, 33) 


23 

D 

B 

7/23/29 

4,236 

+17 

66 

±12 

16 

+03 

S 

24 



7/26/29 

4,205 

+13 

49 

± 9 

1 2 

±02 

S 

25 



7/31/29 

4,223 

+ 4 

17 

+ 3 

0 4 

±0 1 

S 

26 



8/ 5/29 

4,258 

± 7 

26 

± 5 

06 

+0 1 

S 

27 

F 

B 

5/ 3/30 

4,100 

± 4 

17 

+ 3 

04 

±01 

8 

28 



5/ 7/30 

4,236 

+ 5 

18 

+ 3 

04 

±01 

S 

29 

D 

D 

10/31/29 

4,131 

± 4 

15 

± 3 

04 

+0 1 

S 

30 



11/21/29 

4,145 

±19 

73 

+13 

1 8 

+03 

S 

31 

F 

D 

5/ 7/30 

4,034 

±14 

55 

+10 

1 4 

±03 

S 

32 



5/15/30 

4,236 

+ 5 

18 

± 3 

04 

+0 1 

S 

33 

B 

E 

6/16/29 

3,745 

±35 

133 

±24 

3 5 

±06 

S 

34 

F 

G 

2/13/30 

4,448 

+14 

54 

±10 

1 2 

±0 2 

S 

35 



4/ 6/30 

4,195 

± 5 

19 

± 3 

05 

+0 1 

s 

36 



5/ 3/30 

4,698 

+ 7 

28 

+ 5 

06 

±0 1 

s 

37 



5/ 4/30 

4,521 

+12 

17 

+ 9 

1 0 

±0 2 

8 




12 m 

Through 7 

a m Active (38) 

Inactive (39 41) 



38 

A 

A 

2/24/29 

3,860 

±20 

113 

±14 

29 

±0 4 

16 

39 

D 

B 

7/30/29 

4,245 

+10 

40 

+ 7 

09 

±0 2 

8 

40 



8/ 3/29 

4,375 

+ 9 

35 

± 6 

08 

±01 

S 

41 



8/ 4/29 

4,28°. 

+ 8 

31 

± 7 

07 

±01 

S 


depressions appeal m the composite curves for the actne and niacin e 
days taken separately and together, the decrease in the numbei of cells 
is so slight and the amount of data so small that the difteiences between 
the means for the morning and afternoon counts weie found to be 
insignificant according to their probable errors 
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The difiteiences between the morning and afternoon counts weie as 
follows 


8 a in thiough 11 a in 
n = 44 11 series (1-7, 10-13) 
a = 4,327,000 ± 47,000 

12 m tin ough 3 p in 
a = 4,261,000 ± 49,000 
difference = 66,000 ± 68,000 


8 a in thiough 11 a m 
n = 76 19 series (1-7, 10-13, 15-22) 
a = 4,312,000 ± 37,000 

12 in tin ough 3 p in 
a = 4,261,000 ± 37,000 
difference = 51,000 ± 52,000 



Chart 1 — Total erythrocyte counts and hemoglobin determinations ,8am 
through 3pm The continuous line indicates the curve for the total erythrocytes , 
the broken line, that for the hemoglobin, in grams per hundred cubic centimeters 
Curve 1 Erythrocytes composite curve, eleven series, active (1-7, 10-13) table 11 
Hemoglobin, composite curve, eight series, actne (1-8) table 12 Curve 2 
Erythrocytes, composite curve, eight series, inactive (15-22) table 11 Hemo- 
globin, composite curve, five series inactive (9-13) table 12 Cuive 3 Erythro- 
cytes, composite curve, nineteen series (1-7, 10-13, 15-22) Hemoglobin, com- 
posite curve, thirteen series (1-13) 





SMI I II — ERYI IIROCY J E AND HEMOGLOBIN I ALL L S 2H 

In six senes no food was taken after bieakfast (series 10, 15 16, 
20, 21, 22), and m the lest lunch was eaten between 12 and 2 o’clock 
The aveiage lange (i e, the diffeiencc between the highest and lowest 
items) f oi this peuod of the day foi nineteen senes (1-11, 15-22) is 

251.000 ± 18,000, the maximum being 491,000 and the minimum, 

60.000 These figuies, which indicate the lange of the counts, must 
also be mteipieted accoidmg to the accmacy of the technic 


■t, 


4,250,000) 

10 50 
10 10 


4,500,000) 


4.250.00C) 

10 50 
10 10 


10 i: 


e 


4.350.000 

4.200.000 




7/22/29 24 £b 26 27 28 29 30 31 1 2 3 4 5 6 


Chart 2 — Total erythrocyte counts and hemoglobin determinations , 4 p m. 
through 11 p m and 12 m through 7am Total erythrocyte counts, twche 
eight hour counts over a sixteen day period The continuous line indicates the 
curve for the total erj throcytes , the broken line, that for the hemoglobin, in 
grams per bundled cubic centimeters Curve 4 Erythrocj tes, composite cur\c, 
fifteen series (23-37) table 11 Hemoglobin, composite curve, five series (14-18) 
table 12 Curve 5 Erythrocytes, composite curve, four series (38-41) table 11 
Hemoglobin, composite curve, seven series (19-25) table 12 Curve 6 Twchc 
eight hour erythrocj te counts in a sixteen daj r period Each point is the average 
for the day, table 5 The broken line m the curve indicates the omission of 
counts 






214 


ARCHIVES OF INTERNAL MEDICINE 


Observations — Variations m total counts from 4pm through 
11pm (table 4, chart 2) weie as follows 

10 series 8 counts active (27-32, 34-37) 

5 series 8 counts inactive (23-26, 33) 

15 series total 

Results — The data foi this senes of counts lead to the same con- 
clusions as those just described for the Sam through 3pm series 
There were no fluctuations evident which were outside those that can 
be ascubed to technic The depiession m the afternoon which is seen 
m the curves for the day counts (8 a m and through 3 p m ), but which 
cannot be pioved as significant, seems to be continued m the evening as 
indicated by the lower values for these determinations If the means 
for the Sam through 3pm and the 4 p m through 11 p m 
counts foi subjects, B, D and G are compared, singly and together, 
it is seen that m each case the one for the evening series is less than 
that for the day 

The difieiences between the day and evening counts were as follows 


Subject 


8a m -3 pm 


4p m-llp m Difference 


B (7 series) 4,318,000 

D ( 4 series) 4,242,000 

G (4 series) 4,515,000 

B, D, G (15 series) 4,351,000 


( 6 series) 4,210,000 
( 4 series) 4,137,000 
( 4 series) 4,466,000 
(14 series) 4,264,000 


105.000 

105.000 

49.000 

57.000 ± 40,000 


As the difference, 87,000, is only a little ovei two times its probable 
eiror, 40,000, there is, again no proof statistically that the decrease 
toward evening is real Howevei, the patterns of the composite curves 
(chaits 1 and 2) show a slight downward trend m the latter pait of the 
day, and with more data and still moie accuiate technic this may piove 
to be significant 


Observations — Vanations m total counts fiom 12 m thiough 7 
a m were as follows (table 4 chart 2) 

1 series 8 counts active (38) 

3 series 8 counts inactive (39-41) 

4 series total 

Results Although the number of senes is limited, the data indicate 
again the constancy of the led blood cell count dui mg a limited period 
of time There are no variations outside the limit of eri oi for the 
technic and no charactenstic pattern It is probable that the increase 
and decrease of cells during the twenty-four hour period are so gradual 
that the differences appeal only between counts for days, as will be 
noted m the discussion of the longer series 
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VARIATIONS DURING LONGER PERIODS 

Although the fluctuations cluimg eight horn peiiods are so slight 
that they cannot be proved significant statistically with the amount of 
data on hand, the vanations fiom day to day may be leal One day, 
Aug 3 1929, shoving an actual dififeience (i e, above the limit of 
erior) fiom the one piecedmg (Aug 1, 1929) and the one following 
(Aug 4, 1929) is seen in the twelve day series in table 5 The test 
foi the significance of the difieience between da) s’ counts is the same 
as that used foi the diffeience between tw r o pipets Study on this 
paiticulai phase of the pioblem is still in pi ogress (Smith, 3 1930) 
It is probable that these fluctuations and the widei distubution of the 

T \ble 5 — Tola I Red Count c on Subject B (Twelve Senes m Sixteen Dav Pi nod) 


Date 

Time 

Condition 

7/22/29 

S 3 

Innctnc 

7/23 '29 

4 ll 

Inncthc 

7/2G/29 

1 11 

In icthc 

7/27/29 

S3 

Acthe 

7/2S/29 

S3 

Imetn e 

7/30/29 

12 7 

Inaclhe 

7/31/29 

4 11 

Innctnc 

SI 1/29 

S 1 

Innotl\c 

SI 3/29 

12 7 

Innctn e 

SI 1/29 

12 7 

Inucthe 

SI 5/29 

1 11 

Inncthc 

SI G/29 

S 1 

\cthe 


Total Red 


Difference x 

Wean in 

Probable 

i Probnble 

Thousand": 

Error 

Error 

4,291 

±23 | 

21 

1.23G 

±17 j 

1 14 

4,201 

±13 

< sc 

4,281 

±17 

! >1 

4,235 

±1G 

I 

03 

4,245 

±10 

20 

‘,223 

± 4 

3 1 

1,243 

± I 

1 11 1 

1,971 

± 9 

J 

1 / 

4,2s3 

± 8 

! - 

4, 2 IS 

± < 

1G 

1,27S 

±10 



cells as indicated by the laiger standaid deviations for most of the 
longer senes aie related (table 6) Nevertheless, it is interesting to 
see how closely the averages for the same peison compaie for difteient 
tunes of the year The Februaiy, 1929, aveiage foi A (3,989,000) is 
significantly difteient from the summer average of 1928 (4,131,000), 
and the one of Febi uary-March, 1929 (4,123,000), but the difference 
between the latter two is not significant accoidmg to its probable euoi 
Too much weight cannot be placed on the aveiage, 3,989,000 (Februaiy, 
1929), because it lepiesenls counts foi only four days The tv r enty- 
two day count taken latei m Februaiy and Maich of the same }eai is 
intei estmg, as the subject w r as leceivmg spleen-mairow medication The 

3 Smith, C Normal Variations in Red-Biood-Cell Counts Over Long 
Periods of Time, Anat Rec 45 278, 1930 
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means foi B foi 1928, 1929 and 1930 are so neatly alike that their 
difteiences are about equal to then piobable enois, The data foi both 
A and B give no evidence of maiked seasonal i ai lation 

HEMOGLOBIN DETERMINA1 IONS 
Technic — As with the counting of the eiythi ocytes, the pioblem m 
estimating the hemoglobin content of the blood is the acquisition of an 
accuiate technic Although Van Slyke's method is acknowledged to 
be the most accuiate, the Duboscq coloinnetei with the hemoglobin 
attachment was chosen as the appaiatus with which detei initiations could 
be made as quickly and as simply as possible 

Tabte 6 — Total Red Blood Cell Counts Ova Longa Pcnods (m Thousands ) 


Coefficient of Probable 

Probable Standard Probable Variation, Error, 


Subject Date 

Season 

Mean 

Error 

Dey lation 

Error 

per Cent 

per Cent 

Number 

A 

1928 

Summer 

4,131 

±12 

240 

± 9 

58 

-40 2 

173 


1929 

February 

3,9S9 

'4-13 

ICO 

-410 

40 

-40 2 

G4 


1929 

February 

March 

4,123 

±17 

120 

±12 

29 

±03 

22 

B 

1928 

Summer 

4.30S 

±20 

2S3 

-414 

66 

-40 3 

9G 


1929 

Summer 

4,288 

± G 

94 

± 4 

2 2 

±01 

11G 


1930 

January 

February 

4,267 

±27 

270 

±19 

G 5 

±0 4 

31 

D 

1929 

Autumn 

4,256 

±35 

467 

±23 

11 0 

±0 G 

SO 

E 

1929 

Spring 

4,241 

±27 

293 

-419 

70 

-40 5 

3G 

G 

1930 

Spring 

4 490 

±3S 

39S 

-427 

SO 

-40 G 

51 

II 

1929 

Autumn 

4,407 

±2S 

311 

-419 

71 

±0 4 

3S 


V n* = 173 determinations m 19 days 

n = 04 determinations in 4 da\s 

B n =: 9G determinations in 7 days 

n = 11C determinations m lo days 


* In all other series n also indicates the number of days counted 


The errois inheient in the method aie diftei ent fiom those m total 
counting The measunng and the dilution of the blood can be made 
easily The wrong angle of the minoi, an inadequate souice of light 
and fatigue of the observer may conti lbute to the maccuiacy of the 
lesults Osgood 4 (1926) found enors as huge as 12 pei cent m hemo- 
globin estimations with the Bausch and Lomb Newcomer Hemoglobin- 
ometer As many determinations lecoided m this papei weie made at 
mght, most values were obtained with light through an 8 inch (20 32 
cm ) Corning daylight disk, although some were made with noithern 
light and some with a daylight bulb Comparative figuies weie obtained 
on the same blood before this pioceduie was adopted, and the results 
weie found to be piacticall) the same In senes m which detei mina- 

4 Osgood, E E Hemoglobin, Color Index Saturation Index and Volume 
Index Standards, Arch Int Med 37 685 (May) 1926 
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lions weie made eveiy half horn, the leadings weie taken at twent) , 
twenty-five and tv ent) -eight minutes aftei dilution, and in those made 
e\eu houi, thuty, that) -five and thiity-eight minutes latei The 
numbei of giams gnen foi each houi is the mean of at least nine 
leadings The }ellow filtei used thioughout this woik gave a value 
of about 3 25 Gm less than that obtained with the Van Slyke appaiatus 
foi the same blood 

The same test foi the accuiacy of the method was used as foi 
the total counts Twent) leadings weie made fiom the same pipet, 
and a coefficient of -\ dilation less than 1 pei cent with a piobable 
eiioi less than 0 1 pei cent could be obtained Tw r o pipets filled fiom 
the same diop of blood weie found to have means the difference of 
which was less than two times its piobable enoi Despite this pie- 
cision and caie m the umfoim lighting of the mmoi, \anations have 
appealed in the senes of daily detei mmations o^i a long penod of 
time which aie haul to undci stand 

Obsavatiom « — Vauations in hemoglobin detei mmations fiom 8 
a m through 3 p m weie as iollov's (table 7, chait 1) 

8 scries 16-20 determinations actnc (1-8) 

5 scries 8-16 determinations mactnc (9-13) 

Results — The hemoglobin detei mmations fluctuate ven little dui mg 
the da\, and the slight changes that appeal he within the limit of enoi 
foi the method As with the cuncs foi the total counts, a slight 
depiession is seen in the afternoon m the "composite cuive (chait 1) 
plotted fi om data foi both the active and the inactive da) s The means 
and their piobable uiois v'cie computed foi the morning and aftei - 
noon figuies with the following lesulls 

S a vi though It a m 12 m though 3 )> w 

n = 49 (series 1-13) n = 52 (scries 1-13) 

<i = 10 279 ±0041 a =10 217 ±0 043 

difference = 0 062 ± 0 059 

As the difieicncc is almost equal to its piobable cnor, thcie is no 
leason fiom these data to believe that the deciease m value m hemo- 
globin is a ical diminution 

Obsavatiom — Vauations m hemoglobin detei mmations fiom 4 
p ni through lip m and 12 m thiough 7 a m weie as follows (table 
7, chait 1) 

5 scries 4-11 inactive (14-18) 

7 series 12-7 inactive (19-25) 
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Results — From both chart 1 and table 7 it is appaient that the 
hemoglobin values do not change significantly within short periods of 
time When the determinations foi subjects B and E are compared 
for the different times of day, it would seem that those for the after- 
noon and evening weie higher than those foi the daytime However, 
if the diffei ences between the means and then piobable errors are 
computed, it is found that they are not real 


Table 7 — Hemoglobin Dcta mutations (Giams pei Hunched Cubic Centimeteis 

of Blood) 


Sam Through 3pm Active (1 8) Inactive (9 13) Original Data Table 12 

Coefficient of Probable 






Probable 

Standard 

Probable Variation. 

Error, 


Subject 

Date 

Mean 

Error 

Deviation 

Error 

per Cent 

per Cent 

Lumber 

1 

A 

8/ 2/28 

10191 

±0 012 

0 073 

±OOOS 

0 72 

±0 0S1 

19 

2 


8/ 3/28 

10 215 

±0 012 

0 075 

±0 009 

0 73 

±0 0S5 

IS 

3 


2/16/29 

10 0S6 

±0 02 

0 113 

±0 014 

1 12 

±0137 

1G 

4 


2/17/29 

10 i00 

±0 013 

0 075 

±0 009 

0 74 

±0 091 

10 

5 


2/22/29 

10 220 

±0 005 

0 030 

±0 004 

0 29 

±0 03G 

1G 

G 

B 

8/10/28 

30 ISO 

±0 017 

0 096 

±0 012 

0 94 

+0 115 

16 

7 


8/14/28 

10 518 

±0 02S 

0164 

±0 020 

3 50 

±0 191 

16 

8 


8/15/28 

10 123 

±0 008 

0 044 

±0 005 

0 43 

±0 053 

16 

9 


5/27/29 

10 186 

±0 013 

0 052 

±0 009 

0 51 

±0 093 

8 

10 


8/ 1/29 

10 700 






8 

11 

E 

5/ 5/29 

10 445 

±0 020 

0113 

"4-0 014 

10S 

±0132 

10 

12 


6/ 4/29 

10 141 

±0 019 

0 072 

±0 013 

0 71 

±0129 

8 

13 


6/ 5/29 

10 138 

±0 010 

0 039 

±0 007 

0 38 

±0 009 

S 





4pm Through 11 pm 




14 

B 

7/31/29 

10 G99 

+0 009 

0 033 

±0 006 

0 31 

±0 056 

S 

15 


8/ 5/29 

10 535 

±0 009 

0 035 

±0 006 

0 33 

±0 060 

8 

16 

E 

0/15/29 

10 528 

±0 029 

0110 

±0 020 

1 04 

±0 190 

8 

17 


6/16/29 

10 631 

±0 02S 

0 109 

±0 020 

103 

±0 18S 

8 

18 


6/17/29 

10 534 

±0 012 

0 047 

±0 009 

0 45 

±0 0S2 

S 





12 m Through 7am 




19 

B 

7/30/29 

10 773 

±0 027 

0107 

±0 019 

0 99 

— 0 ISO 

8 

20 


8/ 3/29 

10 700 






8 

21 


8/ 4/29 

30 715 

±0 007 

0 026 

±0 005 

0 24 

±0 044 

S 

22 

E 

6/19/29 

10 559 

±0 022 

0 083 

±0 015 

0 79 

±0144 

S 

23 


6/20/29 

10 455 

±0 007 

0 026 

±0 005 

0 25 

±0 045 

8 

24 


6/21/29 

10 333 

moons 

0 029 

±0 005 

0 28 

±0 051 

S 

25 


6/23/29 

10 43 > 

±0 022 

0 0S4 

±0 015 

0 80 

±0 14G 

S 


f he diffei ences between day, evening and night hemoglobin deter- 
minations m subjects B and E were as follows 

1 2 
S a m though 3pm 4 p m though 11 p m 
10 304 ±0 053 10 585 ±0 231 

Difference between 1 and 2 = 0 281 ± 0 237 
Difference between 2 and 3 = 0 016 ± 0 235 

VARIATIONS DURING LONGER PERIODS 

The changes m the hemoglobin values cnei longer penods of time 
may be real as are those of the total led counts, but as determined 
with the Duboscq colorimeter they do not always paiallel those of the 


3 

12 m through 7 a m 
10 569 ±0043 
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cells These aie the vanations mentioned pieviously which aie difficult 
to undei stand if it is assumed, as many do, that the hemoglobin values 
vary dnectly with the total led counts Although the total counts for 
subject A foi the summei of 1928 and Febiuary-Maich, 1929, aie not 
significantly difteient, the hemoglobin deteimmation for the same 
peiiods aie (table 8) A leal difference is also found between the 
hemoglobin values foi 1928-1929 and 1929-1930 foi subject B, whose 
total counts weie not found to var} from one 3 eai to another 

T vblc 8 — Hemoglobin Dcfcnmnations Ovci Longer Pa tods (Giants pci 
Handled Cubic Ccntimctci s of Blood) 


Coefficient of 

Varm Probable 

Trobable Standard Probable tion, Error, 


Subject 

Date 

Season 

Mean 

Error 

Deuntion 

Error 

per Cent per Cent 

Numbei 

A 

192S 

Summer 

ion 

0 023 

0 30 

0 017 

34 

01G 

10S 


1029 

Eeprunry 

March 

10 21 

0 03 

0 22 

0 02 

22 

0 23 

22 

B 

192S 

Summer 

10 40 

0 031 

0 30 

0 025 

39 

0 25 

50 


1029 

Summer 

10 02 

0 01S 

0 20 

0 013 

1 9 

012 

50 


1030 

January 

Pcbrunry 

10 310 

0 039 

0 G13 

0 011 

391 

0 101 

50 

D 

1929 

Autumn 

10 21 

oon 

01S1 

0 032 

0 09 

0 313 

71 

E 

1020 

Spring 

1011 

0 012 

017 

0 009 

1 0 

0 03 

S7 

H 

1929 

Autumn 

10 201 

0 012 

0 103 

o 

o 

O 

-I 

0 57 

0 302 

54 


A n* = l03 determinations in 11 dnjs 

B n = OG determinations in 1 dnjs in 102S 

n = GO determinations in 7 dnjs in 1929 

E n = S7 determinations in 10 days 


* In nil other series n nbo indicates the number of d i\>- counted 

The differences between the means and then piobablc eirois weie 
as follows 

A Dtfiercncc 1928-1929 — 0 20 ± 0 037 
B Difference 1929-1930 = 0 054 ± 0 069 
B Difference 1929-1930 = 0 274 ± 0 062 
B Difference 1928-1929 = 0 220 ± 0 039 


COMM CXI 

Total Red Counts — As in the study of the leukocytes, much of the 
pievious woik on red blood coipuscles has been on the determination 
of a normal aveiage denved fiom values foi many peisons rathei 
than fiom daily vanations in individuals Of those who have woiked 
on the latter phase of the crytlnocyte pioblem, some believe m a con- 
stant number and some in a widely vaiying one Table 9 leviews in 
a brief way some of the evidence for and against a fluctuating led 
blood cell count Accoidmg to these investigators, theie may be no 
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ieal vanations in a da} (Lyon/ Nonnenbiuch , 6 and Rud '), small 
variations (Hayem , 8 Remert , 9 Ward , 10 Ciaandtk , 11 IComocki, 1 * 
Leake, Kohl and Stebbms , 13 and Stebbms and Leake 11 ) 01 laige vaua- 
tions (Schwmge , 15 Bing, 1 '’ Bieirmg , 17 Lasch and Bilhch . 18 Doan and 
Zeifas 19 and Sabm 20 ) 

A sharp line cannot be diawn m tins pievious woik between “no 
ieal variations” m a day and “small vanations” foi at least two leasons 
The first is that the figuies lepiesent aveiages foi difleient numbeis of 
houis, and the second that the enoi involved m the technic is not known 

5 Lyon, J F Blutkorpcr/ahlungen bei traunnscli Anamie, Virchows Arch 
1 path Anat 84 207, 18S1 

6 Nonnenbruch, W Uebcr c\trarenale Odemgenese und Vorkommeii ion 
konrentrierten Blut bei hydropischcn N lerenfiranken, Deutsches A.ich f klin AIccI 
136 170, 1921 

7 Rud, E J Le nombre des globules rouges chez les sujets normaux et 
leurs variations dans les diverses conditions physiologiques I L’influence de 
l’age et du sexe sur le nombre des globules rouges, Acta med scanchnav 57 142, 
1922-1923, II Les variations du nombre des globules rouges dans les dnerses 
conditions ph>siologiques, ibid 57 325, 1922-1923 

8 Hayem, G Des caracteres anatomiques du sang dans les anemies, Comp 
rend Acad d sc 83 230, 1876, Du sang et de ses alterations anatomiques, Paris, 
Masson & Cie, 1889 

9 Remert, E Die Zahlung der Blutkorperchen und deren Bcdeutung fm 
Diagnose und Therapie, Leipzig, F C W Vogel, 1891 

10 Ward, H C The Hourlv Variations m the Quantity of Haemoglobin 
and in the Number of the Corpuscles in Human Blood, Am J Plnsiol 11 394, 
1904 

11 CraandyL, M M Beitrag zum morphologischen Blutbdde ini Hochge- 
birge, Folia haemat 23 11, 1918-1919 

12 Komocki, W Einige Bemerkungen zur Frage der Zahl der Enthrozyten 
lm Menschenblute, Wien klin Wchnschr 40 1057, 1927 

13 Leake, C , Kohl, M and Stebbms, G Diurnal Variations in the Blood 
Specific Gravity and Erythrocyte Count m Healthy Human \dults, Am J 
Physiol 81 493, 1927 

14 Stebbms, G, and Leake, C D Specific Gravity of Blood, Am J Plnsiol 
80 639, 1927 

15 Schwmge, W Untersuchung uber das Hamoglobingehalt und die Zahl 
der rothen und veissen Blutkorperchen, Arch f d ges Phjsiol 73 299, 1898 

16 Bing, H I Antallet af r^de blodlegemer i de forskellige aldre og undei 
forskellige forhold, Ugesk f laeger 81 1483, 1919 

17 Bierring, K Svmgninger i erythrocyttallet hos normale niennesker, 
Ugesk f ljeger 82 1445, 1920 

18 Lasch, C H, and Bilhch, H U Die taghchen Schw ankungen der Er} r - 
throcytenzahlen, zugleich ein Beitrag zur Frage der Blutwasserbestimmung 
Ztschr f d ges exper Med 48 651, 1925-1926 

19 Doan, C A , and Zerfas, L G The Rhythmic Range of the White 
Blood Cells in Human, Pathological Leucopemc and Leucocjtic States, with a 
Study of 32 Human Bone Marrows, J Exper Med 46 511, 1927 

20 Sabin, F R Bone Marrow, Phvsiol Rev 8 226, 1928 
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in each case When the lattei is not given, it is impossible to evaluate 
the data except by companson with data presented m this paper It has 
been shown that the average lange for the 8 a m -3 p m counts for 
19 senes is 251,000 =t 18,000, with a maximum of 490,000, and the 
coefficient of variation for over half the counts is seen to be less than 
2 per cent (table 4) Theiefore, figures that aie given as indicating 
small variations may well be vithm the limit of enor of fairly accurate 
technic (Ward, 10 Craandyk, 11 Komocki, 12 Leake, Kohl and Stebbms 13 
and Stebbms and Leake 14 ) There is no way to judge the validity of 
the conclusions of Hayem, 8 and those of Reinert 9 appear to be accoid- 
mg to his data 

The large variations that are cited aie outside the limit of erior if 
that has been determined for the method and found to be small Bing, 10 
Bieuing 17 and Lasch and Billich 18 have given values for the enor 
involved m the method (2 3, 3 2 and 2 6 per cent, i espectively, 
table 9) However, Bieuing 17 eliminated one large vanation from his 
result as due to technic, previously noted by Rud, 7 and therefoie 
lessened the woith of the coefficient of vanation quoted by him 
Although the range of cells m twenty-four hours noted by Lasch and 
Billich 18 is larger, as might be expected, than that given for eight 
hour periods in this paper, it is also gi eater than the diffeiences usually 
found between daily counts over longer penods of time (table 5 and 
unpublished data) The appiaisal of the figures given by Bing 10 and 
Lasch and Billich 18 is also rendered moi e difficult because they found 
differences m the cell content of the blood from different parts of the 
body, which is not m accoi dance with other work on this phase of the 
erythrocyte problem (Reichel and Monasteno, 21 1929) Schwinge, 15 
Doan and Zerfas 10 and Sabin 20 gave no mfoimation as to the erroi 
involved in their technic Sabm 20 stated her conclusions concerning 
the fluctuations m total red cell count as follows “Sabm and 

Doan and Zerfas have shown that the delivery of red cells from 

the marrow is rhythmic with a range of about 1,000,000 cells between 
the high and low counts each day, as far as then observations 
have gone the rhythm does not follow that of the white cells, with the 
marked rise m the afternoon, but rather the high points come both 
morning and afternoon ” 

The data presented m this papei support the conclusions that within 
short periods of time, ceitamly the eight hour penods investigated, the 
total led blood cell count is piactically constant, and that any fluctua- 
tions present are within the limit of error of the method In oidei to 

21 Reichel, J , and Monasteno, G Beitrage zur Frage der numerischen 
V erteilung der Er\throcyten und Eeucocyten an der Peripherie, Klin Wchnschr 
8 1712, 1929 
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evaluate correctly noimal changes m blood cell content or those due to 
expenmental proceduie, the accuracy of the technician must be definitely 
known The paiallehsm of the coefficients of variations foi cells within 
pipets with those foi day counts by the same technician is sti iking 
(tables 3 and 4) Fuitheimoie, mci eased efficiency on the part of the 
technician always lesulted m a dcci eased value foi the coefficient of 
•\aiiation foi the penods counted 

The depiession of the curve foi led cells in the afternoon has been 
leported by Remeit, 0 Waid 10 and Rud 7 Remeit 0 found a real differ- 
ence between 12 and 2 o’clock, and Ward, 10 following Remeit 0 in 
method, found an aieiage deciease of 250,000 cells m the late aftei- 
noon counts of 4 men m a nine day senes Ward 10 also made 150 
isolated morning and 185 afternoon counts on different peisons and 
obtained an aveiage difieienee of 300,000 cells Rud 7 descubed diminu- 
tions at the end of the da) which do not pass beyond the limits of 
erroi foi the method, but he added that on the othei hand they come 
with such regularit) that one is not able to lefiam fiom thinking that 
the) aie not foituitous The lesults obtained m this study confiim 
Rud’s point of view Although the morning and afternoon and the day 
and evening counts show a deciease in the last pait of the day, it cannot 
be pioved statisticall) with the amount of data on hand 

The drop aftci meals leported by Hayem,® Remert 0 and Leake, 
Kohl and Stebbms 13 is found uncertain by Lyon, 5 Bing 10 and Rud 7 
Remeit 9 quoted Vicioidt as believing that the deciease is due to the 
dilution of the blood after the intake of watei I-Iowever, Bmg 10 found 
no decrease aftei staivmg peisons foi twelve houis and then having 
them drink a litei of watei , and Rud 7 found no cleat evidence that the 
adsorption of watei pla)ed any idle in the vanations of led cells Fiom 
the data collected in this study thcie is no evidence that the intake of 
food oi water influences the total red blood cell count Bieakfast was 
alwa)S eaten just bcfoie the fiist count in the day senes and lunch 
usually at 1 oi 1 30 p m , in the 4 to 11 p m senes dmnei came 
at 6 30 p m, and dui mg the night no food was taken In the cases 
m which nothing was eaten after bieakfast, theic was no mciease m 
the number of cells during the day, although fasting is said to lesult 
m laigei counts (Ha) cm, 8 Dupene after Remeit 0 ) Conclusions cannot 
be drawn, however, concerning the effect of fasting on the led cell 
count as the amount of data is too small and the time of fasting too 
short 

The curve foi the numbers of led cells m the penpheial blood 
during the day and night is m no way coil elated with that foi the 
leukocytes The maiked fluctuations and the mciease in the afternoon 
which are characteristic of the curves of white cells of fanly active 
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people (Sabin, Cunningham, Doan and ICindwall," 1925, Smith and 
McDowell, 23 1929) are not seen m led cell cmtes made at the same 
time (unpublished data) This has been noted by Sabin, Cunningham, 
Doan and Kmdwall 22 and by Doan and Zeifas 10 Glaser 24 (1928) 
cxpiessed the belief, on the conti ai), that the led and white counts 
show analogous changes m his study of Widal’s hemoclastic crisis 

Significant changes have been found to be piesent between counts 
f oi days m a long series of successive daily counts (table 5 and 
Smith 3 ) These variations will not necessanly show if the penod is 
shoit, e g, the seven day series of Buikei 25 and Rud, 1 who found no 
essential differences In the longei senes of Rud 7 the counts are too 
scattei ed to give accuiate mfoimation, but he concluded from them 
that the leal variations piesent aie relatively rare and small One must 
therefore believe with Rous 20 m “the existence under ordinary circum- 
stances of a dehcatelv balanced coouhnation between the rates of cell 
foimation and cell destiuction,” foi the vanations of red cells during 
shoit penods of time are so small as to be within the limit of enor 
oi the method and appear as leal detiations only m longer senes of 
counts 

Hemoglobin Detenninations — Vanations in hemoglobin determina- 
tions aie similar and paiallel to those of the total led counts that hare 
been described by Ward, 10 Doan and Sabin 27 (1927), Doan and 
Zerfas 19 and Ponder and Millai 2S Doan and Zeifas 19 and Rud 7 
stated that the changes aie smaller than those of the total counts, and 
Rud added, less fiequent Doan and Sabin, 27 however, pointed out 
m their woik on experimental tubeiculosis that the increases m hemo- 
globin may precede those in total cells 

Large diuinal variations (in hemoglobin estimations) have been 
found more frequently than small ones by pievious investigators (table 

22 Sabm, F R , Cunningham, R S , Doan, C A , and ICmdwall, J A The 
Normal Rhythm of the White Blood Cells, Bull Johns Hopkins Hosp 37 14, 
1925 

23 Smith, C , and McDowell, A M Normal Rhythm of White Blood Cells 
m Women, Arch Int Med 43 68 (Jan ) 1929 

24 Glaser, F Vegetatives Nervensistem und Blutzusammensetzung, Folia 
haemat 35 353, 1928 

25 Burker, K Ueber Prufung und Eichung des Sahlischen Hamometers und 
uber Verbesserungen der Methoden der Erythrozytenzahlung und Hamoglobin- 
bestimmung, Munchen med Wchnschr 59 89, 1912 

26 Rous, P Destruction of the Red Blood Corpuscles in Health and Dis- 
ease, Physiol Rev 3 75, 1923 

27 Doan, C A and Sabin, F R Tuberculosis m the Bone Marrow, T 
Exper Med 46 315, 1927 

28 Ponder E, and Millar, W G The Measurement of the Diameters of 
Er\ throcy tes, Quart J Exper Physiol 19 145, 1928 
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10) Schwinge, 1 "' Waid 10 and Mills 20 gave 5 per cent as the size of 
the \auations in a da>, while Dieyei, Bazett and Pierce 30 and Rabmo- 
\ itch 31 found vai lations of 10 pei cent common Even with one type 
of appaiatus (1 e, the Van Slyke), the variations lange from 5 to 10 
pei cent accoidmg to the investigator 


Table 10 — Daily J anafions m Hemoglobin Dctci initiations 


Author 


D itc 

Remert 0 


1S91 

Sell win ge 1C 


1S9S 

V ard 10 


1904 

Terhola, L \rcli 

i f 

1914 

Gmuh 103 in, 

1911 


Drejer, Ba/ett 

and 

1920 

Pierce 00 




Pud " 

1922 


1929 

Tlnbinontch 21 

1929 


1924 

.Mills 2 1 

1925 


Brandt, '1’ 

Folia 

1920 

hncmat VZ 
0=good * 

177, 1920 

1920 


Doan ind Zirfns 10 

1927 

Pondi r and Millar 2S 

1928 


Error in 
\ppar Uus Method 


rieisthel 

Miescher 


Plcischcl 

More open to 
error 

Pleisehel 

1C duplicate 

Miesc hci 

counts, 0 87% 

Sahli 

isolated, 2G%, 

16, 2 7%, isointed 
count, 1 9% 

Duboscq 

0 5% for read 
ings 

Autenriei h 

10 deternnn i 

Romgsberger 

tions, each the 


ai erage of 
') readings, 

1 7%, 1 8% 

Van Shke 


Van Shke, 
Dare 


Sahli 

1% 

Bnusch and 
Lomb New 
comer liemo 

12% error 

globinometcr 

Osgood 

MnMimnn not 
oi cr 2% 

Duboscq 


Palmer s 
rolorunetru 

±1 >% 


method 


Vanations Variations from 

in Day Da\ to D.u 

Quotes Leieli 
tenstern, highest 
it 12, lowest nt 4 

variation 
Sam to 8 p m 

Varies directly 
with red, 
about 5% 


10% m dar com 
mon, smallest 
betu eon 5 7pm, 
greater vana 
tions m Ion 
hemoglobin 
values 

No real \ ari i Less frequent 

tions than reds, ovir 

longer peiiods 
nithm limits 
of erroi 

Ai erage range, 

20 people, G times 
a day, 12%, p m 
less than a m 

1G eases of perm 
cious anemia, 

4, anemia, eicry 
2 hours, Sam 
to S p m i arm- 
tion 5 1 % Van 
Shke, 5 5% Dare 


Varies about one 
half that of cells 
and parallels 
changes in reds 

Follows red 
< uri es 


29 Mills, E S Hourly Hemoglobin Vanations m Anemias, Aich Ini Med 
35 760 (June) 1925 

30 Drever, G , Ba/ctl, Ii C, and Pierce, Ii F Diurnal Vanations in the 
Hemoglobin Content of the Blood, Lancet 2 588 (Sept 18) 1920 

31 Rabinovitch, I M Variations of the Percentage of T-Iemoglobm m Man 
During the Day, J Lab & Clin Med 9 120, 1923-1924 



Table 11 — Ougmal Data Red Blood Cell Counts (in Ten Thousands) 



1 

2 

3 

4 

5 

Sam 

417 

40G 

399 

437 

433 

8 30 

400 

432 

437 



9 

404 

38S 

400 

431 

429 

9 30 

3S9 

407 

440 



10 

39S 

400 

40G 

429 

434 

10 30 

415 

390 

417 



11 

399 

41 4 

42G 

435 

423 

11 30 

40S 

411 

403 



12 

384 

404 

40S 

42G 

427 

12 30 

394 

394 

414 



1 

3S4 

3S5 

400 

427 

42G 

1 30 

3S1 

391 

420 



2 

387 

399 

425 

42G 

423 

2 30 

3S3 

401 

39S 



3 

389 

403 

394 

414 

427 

3 30 

390 

383 

417 






13 

14 

15 

Sam 



453 

458 

435 

8 30 






9 



438 

45S 

440 

9 30 






10 



435 

457 

439 

10 30 






11 



437 

455 

434 

11 30 






12 



439 

457 

441 

12 30 






1 



435 

450 

430 

1 30 






2 



44° 

44G 

436 

2 30 






3 



444 

153 

449 

3 30 







23 

24 

25 

26 

27 

4pm 

435 

41G 

421 

42G 

407 

5 

430 

42G 

425 

432 

409 

6 

413 

423 

422 

42G 

411 

7 

419 

417 

421 

424 

409 

S 

419 

427 

423 

425 

412 

9 

428 

425 

420 

42G 

409 

10 

422 

415 

420 

424 

411 

11 

423 

415 

423 

423 

412 



35 

36 

37 


4 p m 

418 

472 

4G3 

12 m 

12 30 

5 

420 

472 

453 

lam 

1 30 

G 

419 

473 

451 

2 

2 30 

7 

418 

472 

449 

3 

3 30 

S 

419 

469 

448 

4 

4 30 

9 

423 

4G3 

447 

5 

5 30 

10 

417 

4GG 

452 

6 

6 30 » 

11 

422 

469 

434 

7 

7 30 


6 

7 

8 

9 

10 

11 

12 

418 

437 

422 

425 

440 

458 

431 

460 

417 

437 

423 

424 

461 

462 

453 

459 

413 

433 

424 

424 

466 

4G7 

476 

457 

420 

438 

425 

423 

470 

465 

467 

450 

412 

439 

429 

424 

445 

468 

462 

146 

412 

438 

424 

422 

436 

434 

452 

443 

401 

436 

422 

420 

4G9 

454 

464 

447 

412 

433 

425 

422 

444 

435 

446 


473 


16 

17 

18 

19 

20 

21 

22 

46? 

434 

431 

428 

437 

417 

403 

414 

447 

449 

415 

422 

418 

404 

42S 

403 

453 

423 

423 

427 

422 

432 

413 

420 

438 

422 

433 

422 

431 

415 

410 

437 

444 

431 

430 

423 

433 

415 

413 

422 

462 

423 

419 

421 

417 

421 

402 

421 

444 

433 

429 

429 

418 

413 

414 

412 

443 

419 

422 

424 

422 

411 

411 


42G 


28 

29 

30 

31 

32 

33 

34 

424 

415 

410 

410 

424 

3GS 

446 

424 

414 

414 

40S 

427 

3S7 

436 

427 

413 

420 

410 

424 

36S 

451 

425 

412 

419 

394 

425 

364 

436 

424 

411 

419 

397 

422 

373 

430 

421 

415 

41S 

402 

422 

360 

444 

423 

414 

414 

403 

421 

404 

44S 

422 

411 

39G 

403 

421 

304 

447 


February, 1929 


3S 

39 

40 

11 

Subject A 

413 

433 

43S 

430 

400 

437 

3S7 




432 

424 

396 

423 

443 

431 

437 

410 

401 




379 

410 

381 

426 

440 

430 

— 

420 

394 




404 

413 

372 

422 

440 

42S 

377 

411 

36S 




420 

410 

387 

419 

436 

42S 

413 

400 

371 




416 

417 

382 

421 

433 

428 

404 

410 

389 




401 

422 

391 

426 

432 

423 

427 

411 

379 




409 


386 

426 

438 

425 



379 








Table 12 — Ongmal Data Hemoglobin Data imitations (Giams pet Hundicd 

Cubic Ccnhmetcts) 





1 

2 

3 

4 

5 

6 

7 

S 

9 

Sam 

8 30 



10 25 

10 37 

10 37 

10 37 

9S5 
9 91 

10 OS 
10 19 

1019 

10 25 




10 31 

9 

9 30 



10 25 

10 31 

10 19 

10 19 

10 14 
10 OS 

1019 

1014 

10 19 
1019 

10 44 

10 12 

10 57 

10 31 

10 19 

10 OS 

10 14 

10 

10 30 



10 25 
1019 

10 37 

10 19 

10 25 
10 14 

10 OS 

10 OS 

10 25 

10 25 

1019 

10 14 

10 37 

10 37 

10 19 

10 OS 

10 19 

11 

11 30 



10 19 
1014 

10 14 

10 19 

10 19 
10 OS 

10 25 

10 19 

1019 

10 25 

10 31 

10 31 

10 44 

10 37 

10 OS 

10 OS 

10 19 

12 

12 30 



1019 

10 14 

10 19 

10 23 

10 02 
10 19 

10 14 

10 OS 

10 25 

10 19 

10 OS 

10 14 

10 37 

10 50 

10 OS 

10 02 

10 19 

1 

1 30 



10 19 

10 14 

10 19 

10 25 

9 9G 
10 02 

10 02 

10 02 

10 25 
10 10 

10 OS 

10 10 

10 50 

10 70 

10 OS 

10 14 

10 14 

0 

2 30 



10 OS 

10 23 

1014 

10 25 

10 li 

10 02 

10 02 
10 OS 

10 23 

10 19 

10 10 

10 25 

10 50 
10 OG 

10 OS 
10 25 

10 14 

3 

3 30 



1019 

10 14 

10 OS 

10 11 

10 14 
10 25 

9 9G 

10 OS 

1019 

10 25 

10 14 

10 14 

10 44 

10 G3 

10 14 

10 14 

10 19 

4 

4 30 



10 14 

10 14 

10 23 

10 19 




10 14 

10 14 

10 03 

10 57 

10 14 

10 10 


5 



10 OS 










10 

11 

12 

13 



14 

15 

10 

17 

IS 

Sam 

S 30 

10 TO 

10 03 
10 44 

10 02 

10 OS 


4pm 

10 63 

10 50 

10 03 

10 G3 

10 57 

9 

9 30 

10 TO 

10 37 
10 44 

1019 

10 OS 


5 

10 TO 

10 57 

10 57 

10 50 

10 50 

10 

10 30 

10 TO 

10 44 
10 30 

10 19 

10 14 


6 

10 TO 

10 50 

10 50 

10 03 

10 50 

11 

11 30 

10 TO 

10 GO 
10 41 

10 10 

10 14 


7 

10 70 

10 50 

10 44 

10 50 

10 30 

12 

12 30 

10 TO 

10 GO 
10 31 

10 19 

10 14 


S 

10 TO 

10 57 

10 70 

10 37 

10 30 

1 

1 30 

10 TO 

10 31 
10 37 

1019 

10 19 


9 

10 TO 

10 57 

10 44 

10 70 

10 57 

o 

2 SO 

10 TO 

10 31 

10 37 

10 02 

10 14 


10 

10 TO 

10 50 

10 44 

10 03 

10 03 

o 

o 

3 30 

10 TO 

10 31 
10 09 

10 14 

10 10 


11 

10 70 

10 57 

10 44 

10 S3 

10 50 






19 

20 

21 

22 

23 

24 

25 

12 m 





10 70 

10 TO 

10 70 

10 G3 

10 50 

10 31 

10 50 

lam 





10 TG 

10 TO 

10 70 

10 50 

10 44 

10 31 

10 37 

o 





10 TO 

10 TO 

10 TG 

10 03 

10 44 

10 31 

10 37 

S 





10 70 

10 TO 

10 TO 

10 50 

10 44 

10 37 

10 03 

4 





11 03 

10 TO 

10 70 

10 50 

10 44 

10 37 

10 50 

5 





10 S3 

10 TO 

10 70 

10 57 

10 50 

10 31 

10 14 

G 





10 7G 

10 TO 

10 TO 

10 44 

10 44 

10 31 

10 37 

7 





10 70 

10 70 

10 70 

10 70 

10 44 

10 37 

10 11 
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On the othei hand, Rud 7 stated that the hemoglobin values aie con- 
stant and theie is no real variation dui mg the da> In this study the 
variations in a dav have been found to be within the limit of eiror of 
the method and, as with the total reds, the afternoon depiession i\as not 
pioved to be significant according to the data on hand Neithei were 
the means of the day evening and night counts found to be leally dif- 

T\bii 13—Ongmal Data Total Ei ythiocvtc Counts , 10 to 20 Diops fiom the 
. Same Pi pet Niimbei Counted m Eighty Small SquaicK 


It clinician A 


Technician C 


leclinician D 


Technician F 


437 


441 

434 

424 

421 

413 

39S 

401 

420 

440 

432 

418 

144 


427 

452 

409 

425 

424 

398 

413 

430 

430 

424 

429 

465 


45S 

432 

431 

421 

415 

419 

374 

143 

430 

440 

413 

435 


431 

423 

411 

405 

112 

415 

397 

452 

441 

434 

423 

431 


429 

455 

412 

111 

10S 

407 

414 

433 

4 55 

434 

423 

442 


483 

40S 

4 n G 

433 

409 

395 

418 

434 

433 

419 

420 

422 


443 

424 

445 

399 

417 

393 

399 

440 

427 

413 

426 

417 


412 

442 

421 

413 

413 

412 

411 

4 “*5 

420 

439 

424 

420 


431 

420 

426 

403 

404 

414 

412 

430 

420 

42S 

422 

417 


425 

118 

430 

419 

390 

3S4 

401 

431 

433 

419 

420 


1 



2 


3 







477 


472 

433 

403 

44S 

469 







470 


475 

4il 

439 

439 

440 







482 


4S2 

419 

418 

433 

434 







475 


454 

431 

415 

459 

454 







456 


471 

424 

425 

402 

447 







457 


450 

420 

450 

455 

433 







466 


450 

430 

430 

447 

444 







405 


44S 

431 

437 

452 

439 







459 


401 

420 

41S 

45S 

439 







451 


449 

447 

41b 

444 

4jG 








1 

* 


2 


3 


4 





4SS 


481 

465 

409 

431 

427 

421 

424 





480 


4S3 

475 

400 

425 

425 

414 

424 





400 


401 

476 

464 

415 

420 

413 

420 





4S5 


473 

400 

458 

420 

422 

431 

42S 





4S1 


472 

475 

470 

427 

417 

424 

124 








463 

470 










1 

-A_ 



2 


3 


4 





393 


392 

386 

3S0 

394 

393 

393 

r»oi 





393 


399 

391 

390 

393 

392 

394 

393 





394 


392 

333 

3S9 

394 

393 

392 

393 





390 


o91 

391 

390 

393 

394 

393 

392 





391 

_ 

393 

392 

°01 

394 

39 ■) 

394 

594 






feient fiom each othei A drop aftei meals has not been noticed (con- 
filming Rud ‘), although Mai x 02 (1925) descnbed such a reaction 
after the intake of watei 

Iheie is vei y little hteratuie concerning the vanations m hemo- 
globin values from day to day Rud ' consistent with his belief m the 
constancy of the total counts, stated that ovei longer penods of time 
the variations m hemoglobin determinations are less fiequent and 

>2 Marx H Untersuchungen uber den Wasseraushalt Klin Wchnschr 
4 2339 (Dec 3) 1925 
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smaller than those of the led cells Accoichng to Lippmcott 33 (1927), 
the hemoglobin is highest in cold months and lowest after the hot 
months In this investigation the hemoglobin -values have been found 
to taiy dining long penods of tune, the widei distubution of the 
obseivations being i effected in the laigei coefficients of vanation Woik 
is being continued on this phase of the pioblem m its l elation to total 
counts and cell volumes 


SUMMARY 

1 Total ei)thiocyte counts and hemoglobin detennmations vaiy 
within the limits of eiioi of the methods foi shoit penods of tune 

2 Total eiythiocyte counts and hemoglobin detennmations do not 
vaiy significantly m l espouse to rest, model ate activity or food 

3 There may be leal differences between total eiythiocyte counts 
and hemoglobin detennmations of sepaiate days oi between aveiages 
foi longei penods 

4 The enoi inheient in the method should alw ? a)s be a known 
value m investigations involving data of this kind 

33 Lippmcott L S Hemoglobin and Erythroc\tes in the South, J Lab & 
Clin Med 12 679, 1927 



DIFFERENTIAL DIAGNOSIS OF MEDIASTINAL 

“TUMORS” 

ANALYSIS OF EIGHT VERIFIED CASES 

K1YOSHI HOSOI, MD 

Senior Eugene Littauer Research Fellow in Pathology, Albany Medical College 

AND 

F CONSTANCE STEWART, MD 
Resident Physician, Albany Hospital 
ALBANY, N V 

In 1888, Hate 1 collected 520 cases of mediastinal disease, over 50 
per cent of which weie due to tumois, mostly of the malignant type 
Riegel, 2 Bennett, 8 Egei, 1 Hams 3 and Steven 0 have wntten mono 
r giaphs on the subject of mtiathoiacic and mediastinal tumois Yet 
mediastinal tumois continue to awaken keen mteiest in view of then 
protean manifestations, their diagnostic difficulties and then generally 
pooi prognosis A leview of the hteratuie indicates that theie is not 
a single pathognomonic sjmptom oi sign on which one can depend in 
the differential diagnosis of mediastinal masses As has been lepeatedly 
shown, metastasis elsewheie m the body may initiate and dominate the 
symptomatology The eight cases heie leported onginated in the 
antenor, middle oi postenor mediastinum We have had several cases 
of esophageal carcinoma, limited stnctly to the posterioi mediastinum, 
which we do not include m this leport 

Submitted for publication, July 25, 1930 

^ From the Departments of Pathology and of Medicine, Albany Medical 
College and Albany Hospital 

1 Hare, H A The Pathology, Clinical Historj and Diagnosis of Affections 
of the Mediastinum, Other Than Those of the Heart and Aorta, with Tables 
Giving the Clinical History of 520 Cases, Fothergilhan Essay, 1888, Philadelphia, 
P Blakiston’s Son & Company, 1889 

2 Riegel, F Zur Patliologie und Diagnose der Mediastinaltumoren, Vir- 
chows Arch f path Anat 49 193, 1870 

3 Bennett, J R Cancerous and Other Intrathoracic Growths, Their Natural 
History and Diagnosis, London, J & A Churchill, 1872 

4 Eger, J Zur Patliologie der Mediastinaltumoren, Inaug Dissert , Breslau, 
March 26, 1872 

5 Harris, V D Intra-Thoracic Growths, St Barth Hosp Rep 28 73, 1892 

6 Steven, J L The Pathology of Mediastinal Tumors with Special Refer- 

ence to Diagnosis, London, H K Lewis & Company, 1892 
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REPORT OF CASES 

Case 1 — Malignant Endothelioma o } the Mediastinum 

M W, a white woman, aged 61, a widow, enteied the Albany Hospital in the 
service of Dr L Whittington Gorham, Nov 6, 1925 She complained of fulness in 
her throat, with marked hoarseness and occasional attacks of choking There was 
no history of tuberculosis or cancer in her family Two years befoie admission 
to the hospital she had had pneumonia Since then she had been having a chronic 
cough, and had therefore spent the pieceding summer in a sanatorium for 
tuberculosis The chronic, high-pitched cough had been bothering her for about 
one and one-half years It had gradually produced more and more of a choking 
sensation, as the throat seemed to fill up when she coughed 

The patient was well developed but thin There were no visible pulsations m 
her neck, no tracheal tug, no rigidity and no palpable glands The chest Avas long 



Fig 1 (case 1) — A, anteroposterior roentgenogram showing the mediastinal 
tumor shadow at the level of the manubrium sterm, extending approximately 
3 5 cm toward the right side of the chest and having a base 7 5 cm in extent 
B, right oblique view Note how the barium-filled esophagus winds around ante- 
norly over the mediastinal mass 


and symmetrical Expansion Avas equal on both sides The lungs were hypei- 
resonant and the breath sounds normal The heait seemed slightly enlarged on 
percussion The retrosternal dulness across the \Apper part of the chest mcasuied 
11 cm The abdomen Avas large and tympanitic There were no palpable masses 
The radial pulses were equal and of good quality 

Examination of the blood revealed hemoglobin, 90 per cent, red blood cells, 
4,776,000, white blood cells, 6,800, polymorphonuclear leukocytes, 67 per cent, 
transitionals, 3 pei cent, and lymphocytes, 31 per cent The systolic blood pressure 
Avas 120 and the diastolic 70 The blood contained 100 mg of sugar and 32 mg of 
nonprotein nitiogen per hundred cubic centimeters The Wassermann test Avas 
negative Uimalysis on one occasion icvcaled a tiace of albumin, no sugar and a 
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few pus cells The tempeiature, pulse and respirations were practically normal 
throughout the course of the disease 

Roentgen examination showed the lungs to be emphysematous, with no definite 
evidence of tuberculosis The heart appeared to be enlarged At the level of the 
manubrium of the sternum, there was an oval opaque area extending from the 
mediastinum a distance of 3 5 cm into the right side of the chest, its base mea- 
sured 7 5 cm (fig 1) This suggested a mediastinal tumor or an innominate 
aneurvsm The mass had not been evident in three previous roentgen examina- 
tions, the last of which was made seven months before No pulsations were 



Fig 2 (case 1) — Posterior view of mediastinum showing the tumor mass 
bisected and the trachea laid open The close apposition of the tumor with the 
trachea above the tracheal bifurcation is evident 

observed under the fluoroscope When the patient swallowed barium, the 
esophagus was observed to be anterior to the mass Thus, fluoroscopy showed no 
definite suggestive evidence of an aneurysm 

The paroxysms of choking and coughing grew more severe and the patient 
gradual^ became weaker She died on her twenty-seventh day in the hospital 
Necropsy was performed nine hours post mortem The veins of the mediasti- 
num and chest wall were much dilated and of a dark color Thymic tissue was 
not seen, and the anterior mediastinum contained a normal amount of fat In 
the superior mediastinum behind the trachea, a firm mass about the size of a 
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small lemon could be palpated It lay slightly to the right of the midhne, and 
its upper border reached about to the level of the sternoclavicular joint The 
thoracic organs were removed en masse Viewed from behind, the esophagus 
wound around the left side of the tumor and was flattened as it passed over it 
The arch of the aorta was pushed forward by the tumor The trachea lay ante- 
riorly and was only slightly compressed (fig 2) The tumor was an encapsulated 



Fig 3 (case 1) — Photomicrograph of the endothelioma Note the numerous 
capillary channels aiound which the tumor cells aie ananged m a penthelial 
manner Hematoxylin and eosm stains, X 208 


firm mass, not intimately connected with any of the important mediastinal struc- 
tures Microscopic examination showed it to be a malignant endothelioma, prob- 
ably of vascular origin (fig 3) There was no tumor metastasis in the thoracic 
lymph nodes The thyroid showed an adenomatous condition with much chronic 
inflammation 
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Comment — Endotheliomas of the mediastinum aie infrequently 
obseived It is intei estmg to note that this patient dated the onset of hei 
trouble to pneumonia which was followed by a chronic irritating cough 
Although her symptoms dated back over one and one-half years, the 
mediastinal tumor did not become evident until seven months before 
admission to the hospital, as shown by the repeated roentgen examina- 
tions for suspected pulmonary tuberculosis In the earlier stages of 
paratracheal or parabronchial tumors, it is not unusual that pulmonary 
tubeiculosis or other chronic lespiratoiy diseases should be suspected, 
since the only symptom may be an unexplained cough In a study 
of thuty-mne cases, Bennett 3 found that the most frequent of eaily 
local symptoms was some indication of bionchial nutation, such as 
cough, whethei the lungs had 01 had not been implicated eaihei If 
expectoi ation is piesent it is usually mucoid The next eaihest symptom 
is dyspnea on exeition Physical signs aie geneially lacking entuely 
until the condition has made consideiable pi ogress Hampeln 7 expiessed 
the belief that the hist sign of mediastinal new giowth is a distui banco 
of the venous-lymphatic flow, causing cyanosis of the face and edema 
of the neck 

Romano, Ruiz and Waldoip 8 9 lepoited a case of hemangio-endo- 
thehoma of the supenoi anterioi mediastinum with metastasis to the 
left side of the brain, the livei, both supiaienals and both kidneys 
The symptoms weie predominantly neuiologic, and only in the latei 
stages did the inti athoi acic tumoi become evident by the reti action 
of the light half of the chest, impaired respnations, diminished reso- 
nance, abolished vibiations and edema of the neck Brustolon and 
Paieie’s 0 case piesented a picture of compiession of the antenoi 
mediastinum with a sense of imminent death At autopsy’’, an endo- 
thelioma of the mediastinum was found which had invaded the pleura 
and light lung Heuei 10 leported an interesting case of pleural endo- 
thelioma which presented itself externally just below the inferior angle 
of the left scapula Positive diagnosis befoie opei ation tvas possible by 
the aspiration of tumoi cells 

7 Hampeln, P Ueber die ersten Anzeichen mediastinaler Neubildungen, 
Deutsche med Wchnschr 47 1052, 1921 

8 Romano, N , Ruiz, F N , and Waldorp, C P Hemangioendotelioma 
intra-capilar con localizacion predominante mediastimco pulmonar superior dere- 
cho Con smdrome de epilepsia Jacksoniana del lado derecho y luego hemiplegia 
dolorosa con afasia motriz y metastasis multiples, Rev Asoc med argent 31 748, 
1919 

9 Brustolon, A , and Parere, V Su di un caso di endotelioma del mediastmo, 
Arch di pat e elm med 6 557, 1927-1928 

10 Heuer, G J Intrathoracic Tumors Experiences with 8 Cases of Tumor 
of the Thoracic Wall, Pleura and Mediastinum, Ann Surg 79 670, 1924 
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CAsr 2 — Medulla) y Catctuoma, Pnmaiy m the Mediastinum, ivith Extension 
to the Lungs and Metastasis to the Biatn and Ccicbcllum 

L J , a white man, aged 42, American, married, a creamery manager, entered 
the Albany Hospital under the care of Dr Arthur H Stem on March 1, 1927 
He complained of a sore throat and inability to speak aboie a whisper This began 
with a slightly sore throat about five weeks before admission to the hospital 
Shortly afterward, he had difficulty m talking 

His health had usually been good At times, he had had some headache and 
dizziness His eyes had given him no trouble Recently he had had vomiting He 
had become more and moie restless, so that he kept his arms and legs in motion 



Fig 4 (case 2) — This roentgenogram shows the mediastinal shadow increased 
in width 

much of the tune and occasionally had clonic movements of both upper and lower 
extremities 

It was difficult to make a satisfactory physical examination, because he was 
drowsy much of the time and unable to focus Ins attention He had definite 
aphasia All responses were delayed He was apt to give the same answer to 
several different questions He was entirely helpless and had to be fed at all 
times There was complete loss of sphincteric control 

Neurologic examination by Dr LaSalle Archambault revealed that the pupils 
were under the effect of a cycloplegic The outlines of the disk were ill defined and 
the veins somewhat full Ocular excursion was unrestricted There was a 
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At autopsy, twenty minutes post mortem, an irregularly nodular white tumor 
mass, approximately 8 by 6 by 4 cm , was found in the superior mediastinum The 
greater part of the tumor lay at the bifurcation of the trachea and directh 
beneath the arch of the aorta (fig 5) The descending portion of the arch was 
displaced slightly to the left On sectioning, the tumor showed a hard white 



Fig 6 (case 2) — The three metastatic tumot nodules are shown in the cere- 
brum (a and b) and cerebellum ( c ) 

granular surface with numerous small foci of anthracosis The trachea, esophagus 
and aorta were not involved by the tumor mass which, however, invaded the wall 
of the superior vena cava and projected into the lumen as flat tumor nodules, 
0 5 to 2 cm by 2 to 4 cm The apex of each lung was adherent to the tumor mass 
by direct extension of the growth The remainder of both lungs showed broncho- 
pneumonia and edema The heart was not involved by the tumor 




238 


ARCHIVES OF INTERNAL MEDICINE 


The brain weighed 1,690 Gm The meningeal veins stood out prominently, 
owing to their marked engorgement The left hemisphere throughout was more 
voluminous than the right There was a striking atrophy of both temporal lobes, 
as shown b> the unusual width of the fissures and the corresponding narrowing 
of the gyri There was some evidence of intracranial hypertension in the 
abnormal prominence of the amygdalae Frontal sectioning showed that the tumor 
nodule visible over the convexity as a dark round area, about 3 cm wide, extended 
deeply into the white matter to within 1 5 cm of the mesial surface of the frontal 
lobe and 2 cm from the basilar surface Another nodule, 2 by 2 5 cm , distinctly 



Fig 7 (case 2) — Photomicrograph of the mediastinal tumor showing the 
highh cellular, medulian character of the growth Hematoxylin and eosin stains, 
X 137 

oval-shaped and well demarcated, occupied the subcortex of the gvrus rectus The 
larger tumor mass extended backward to the ley el of the anterior horns of the 
lateral ventricles which w'ere considerably distended A thud tumor nodule, 
2 by 2 2 cm , w r as found immediately beneath the cortex of the left semilunar lobule 
of the cerebellum (fig 6) 

Microscopic sections of the mediastinal tumor, the extensions to the lungs and 
the metastatic nodules in the brain and cerebellum showed medullary carcinoma 
(fig 7) 
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Comment — This patient was admitted to the neuiologic seivice as 
the symptomatology pointed to a left-sided tumoi of the biam Pnmaiy 
mediastinal tumoi s not infrequently metastasize to the brain or invade 
the veitebia and spmal coid When neuiologic symptoms predominate, 
and especially when symptoms of inti athoracic piessure are masked 
01 do not appeal until late, these patients have sometimes been opeiated 
on foi pi unary tumor of the biam 

Mix 11 repoited a case of caicmoma of the posteiior mediastinum 
which piessed on the mfeiioi vena cava below the entiance of the 
hepatic vein Fiom a study of the hteiatuie, he found that the latio 
of pnmaiy to secondaiy mediastinal malignant tumoi s is 8 1 and 
the latio of benign to malignant mediastinal tumoi s 1 10 Thus, 
mediastinal tumors are moi e apt to be pi imai y and malignant Statistics 
diftei as to which is moie common Caicmomas have been found 
moie fiequently by Haie, 1 Mix and Maxwell, 12 and saicomas moie 
fiequently by Hams, 5 Steven, 6 Rosenson 1! and Kott 14 

Cast 3 — Thymoma , until Duect Extension to the Pcncai dntm, Ilccut, Pleina 
and Diaphiagm and Mctasta<n<: to the Lungs 

D B , an Italian laborei, aged 19, who had been m this countiy for a year, 
was admitted on Oct 16, 1923, to the Albany Hospital m the service of 
Dr Thomas Ordway, complaining of extreme difficulty m breathing He had 
been in good health until eighteen days before admission to the hospital, when 
he stayed at home because of a feeling of weakness, malaise and feverishness 
For the next ten days, he was in bed most of the time Fire or six days before 
admission, after swallowing a piece of steak at dinner, he had a choking spell, 
turned blue and could not get lus bieath This attack lasted for fifteen minutes 
On the third and second days before admission, he had similar short attacks of 
dyspnea and cyanosis On the day of admission, the distress recurred, and this 
time persisted 

Examination showed a well developed and well nourished youth sitting up in 
bed, with his head thrown back m extreme dyspnea and marked cyanosis He 
perspired profusely and constantly pointed to his throat The throat w'as dry 
and red with a few small white spots scattered over the posterior pharyngeal wall 
The left arm was slightly swollen The pulse was weaker m this arm than m the 
right The heart sounds were of good quality, with no murmurs Over the left 
lung there was dulness, with diminished breath sounds posteriorly Orer the 
base of both lungs coarse moist rales were present 

11 Mix, C L Mediastinal Tumors Full Discussion of Mediastinal Tumors 
both Benign and Malignant with Classification , Symptomatology , Autopsy, M 
Clin North America 3 1507, 1920 

12 Maxwell, J Primary Malignant Intrathoracic Tumors, J Path & Bact 
33 233, 1930 

13 Rosenson, W Neoplasms of the Mediastinum in Infancy and Childhood 
Report of a Case of Ganglioneuroma of the Mediastinum m a Girl of S Years, 
Mn J Dis Child 26 411 (Nov ) 1923 

14 Kott, B Ueber Angiosarkome des Mediastinums, Deutsche med Wchn- 
schr 48 1042, 1922 
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The white blood cell count was 23,380 The temperature was 99 F, the pulse 
late 120 and respirations 28 

A roentgen examination was not made, as the patient was moribund The 
respiratory difficulty and cyanosis increased rapidly The patient died five hours 
after admission to the hospital 

At autopsy, four hours post mortem, a primary mediastinal tumor was found, 
markedly compressing the trachea and esophagus This tumor (fig 8) probably 



Fig 8 (case 3) — Anteroposterior Mew of the thvrnic tumor which has been 
bisected, exposing the pericardial cavit\ The heart has been removed The 
trachea is seen as a V-shaped notch at the uppei end of the photograph The 
lobular character of the tumor which fills the entire anterior mediastinum is 
e\ ident 

arose in the thvmus because of its position, its lobulated structure and the nature 
of the ty r pe cell which is encountered m the so-called malignant thymoma oi 
thymic lymphocy'toma Microscopic examination showed metastases m the lungs 
as well as a direct extension to the pericardium, heart, adjacent pleura and 
diaphragm (fig 9) 
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Comment — Tumois of the thymus continue to hold the interest ot 
clinicians and pathologists alike They are no longer consideied lare 
One necessai lly thinks of thymic tumors when symptoms of mediastinal 
piessuie m the young are associated with anterior bulging of the 
chest wall In this case, the sternum was neithei pushed fonvaul 



Fig 9 (case 3) — Photomicrograph showing that the thymic tumor cells have 
densely infiltrated the subepicardial fat and are invading the myocardium Plema- 
toxlin and eosin stains , X 194 


nor invaded by the antenoi mediastinal tumoi In an exhaustive i eview 
of the hteiature, Ciosby 15 found that the sternum was actually invaded 
m 10 1 pei cent of the cases of thymic lymphosarcoma 

15 Crosby, E H Personal communication to the authors This same case 
is being reported in detail by him 

















242 


ARCHIVES OF INTERNAL MEDICINE 


Damsch and Nedelmann 16 lepoited a case m a child m whom a 
malignant th)moma metastasized to the central nervous system and 
produced symptoms of meningeal nutation with a pleocytosis of tumoi 
cells m the cerebrospinal fluid In one of Delessert’s cases, 17 a lympho- 
saicoma of the antenoi mediastinum penetrated the lumen of the right 
internal jugulai vein and supenoi vena cava, forming smooth, pink, 
slightly piojecting patches on the internal aspect of these vessels 
Delesseit expressed the belief that one should be extiemely reserved 
m affiiming the tlnnnc oiigm of malignant tumoi s of the anterioi 
mediastinum when the chaiactenstic glandulai elements of the thymus 
are absent in the tumor Howevei, one must lemembei that although 
the piesence of stiuctuies resembling Hassall’s corpuscles (well pie- 
seived 01 degenerated and calcific) is of gieat aid in determining the 
ongin of anterior mediastinal tumors from the thy mus, then absence 
does not mean that the} r may not have been there in the early stages 
of the giowth of the tumoi piocess Furthermoie, Hassall’s corpuscles 
may be found if a 1} mphosai coma of the mediastinal l>mph nodes 
extensively mfiltiates the antenoi mediastinum 

As emphasized 1 a Jacobson 1S the clinical diagnosis of thymomas 
is difficult The correct diagnosis rests on biopsy or autopsy In the 
thymoma described b) Meeker, 19 lepeated biopsies finally revealed 
the natuie of the tumoi, which was later confirmed at autopsy 

C\se 4 — Hodqkm’s Disease of Ceivical and Mediastinal Lymph Nodes with 
Into sion of flu Tiachca and Metastasis to the Colon and a hied el's Divci ticulinn 

\ T a white man aged 41, American, married, a detectne, entered the Albam 
Hospital on Sept 12, 1921 in the service of Dr Arthur W Elting, for the removal 
of a tumor on the left side of the neck This had been noticed first about a 
month before admission to the hospital, and during the preceding -week it had 
increased rapidlv m size to that of a large hen’s egg The mass w r as not painful 
He had alwavs been in good health except for typhoid fever and pneumonia His 
onh operation was a tonsillectomy performed during childhood He had main- 
tained Ins a\ erage weight tor some time 

The teeth w r ere in poor condition On the left side of the neck were irregularly 
outlined masses, extending from about 1 inch (2 5 cm ) below the left ear along 
the sternocleidomastoid muscle to about 1 inch above the clavicle They w ere fairly 

16 Damsch, F, and Redelmann, E Bosartiges Thvmom bei einem 3j4 
jahrigen Kind mit eigenartiger Metastasierung ins Zentralnervensystem, Virchows 
Arch f path Anat 268 492, 1928 

17 Delessert, E A Clinical Study of Malignant Tumors of the Anterior 
Mediastinal and Thjmic Origin, Internat Clin 2 127, 1922 

IS Jacobson A' C Primary Carcinoma of the Thymus, Arch Int Med 31 
847 (June) 1923 

19 Meeker L H Malignant Thymoma Report of a Case, Arch Path 
5 928 1928 This same case w'as reported later bv Herriman and Rahte (Malig- 
nant Thvmoma with Metastases, Am J Path 5 29, 1929) 
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movable over the underlying structures, but seemed adherent to the skm Accen- 
tuated breath sounds and a few small crepitant rales were heard ovei the apex of 
the left lung 

A preopeiative specimen of urine had a specific gravity of 1028, and contained 
albumin but no sugar The heavy sediment consisted of pus cells, mucus and 
squamous epithelial cells 

The tumor mass in the neck was removed and the patient was dischaigcd five 
days later On microscopic study, this tumor appeared to lie an atypical lymphoma 

Almost nine months later, the patient was readmitted in a moubund condition 
During his three days in the hospital, his temperature ranged between 99 and 
103 F , the pulse rate averaged 120 and the respirations 45 per minute The 
clinical diagnosis was sarcoma of the neck with metastasis to the mediastinum 

Necropsy was performed five hours post moitem The body was that ot a 
well developed and somewhat obese adult The left arm was greatly swollen, 
owing to a marked cellulitis, superficial necrosis and marked edema Over the 
tumor mass m the left side of the neck there was a discharging ulcerated area 
with brawny induration and brownish discoloration of the skm 11ns discoloration 
had extended down over the left side of the chest The enlarged, opaquely white, 
firm cervical and mediastinal lymph nodes were matted together , the tumor process 
infiltrated out into the surrounding tissues Supraclavicular, inguinal and 
mesenteric lymph nodes were also markedly enlarged The spleen was not 
involved Both lungs showed an acute bronchopneumonia with agonal thrombosis 
and infarction Detailed microscopic study showed that this was a case of 
Hodgkin’s disease of the cervical and mediastinal lymph nodes, with invasion of 
the trachea and adjacent tissues and with metastasis to a Meckel’s diverticulum, 
the colon and mesenteric and inguinal lymph nodes 

Comment — It is gcneially accepted that although Hodgkin’s gianu- 
loma may be suspected chmcall), the diagnosis tests on the biopsy 
Simonds , 20 in his geneial leview, found that the most extensively 
invasive cases of Hodgkin’s disease have occuued in the mediastinum 
and have been thought by many to have ongmated fiom the thymus 
In this countiy, Ewing - 1 paiticulaily expiessed the belief that the 
invasive foim of mediastinal Hodgkin’s disease is in leality a thymic 
tumoi Lyon - 2 repotted an unusual case of mediastinal Hodgkin’s 
gianuloma, with peifoiation of the antenoi chest wall m addition to 
widespread metastasis Ewing pi onounced Lyon's case anothei example 
of thymoma belonging to the Hodgkin’s class 

Case 5 — New otibionia of the Mediastinal and Infcnoi Ccivical Regions 
Undo going Sai comatous Changes in a Case of von RccMinqhaii sen’s Disease 

20 Simonds, J P Hodgl on’s Disease General Review, Arch Path 1 394 
(March) 1926 

21 Ewing, J The Thymus and Its Tumors Repoi t of 3 Cases of Thymoma, 
Surg Gynec Obst 22 461, 1916, Neoplastic Diseases, cd 2, Philadelphia, W B 
Saunders Company, 1922, p 923 

22 Lyon, M W Case of Mediastinal Hodgkin’s Granuloma with Perforation 
of the Chest Wall, Am J M Sc 158 557, 1919 
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W F , a white man, aged 28, American, was admitted on Dec 8, 1927, to the 
service of Dr George E Beilby, Albany Hospital, with the chief complaint of 
soreness and “lumps” on both sides of Ins neck Outside of the usual diseases of 
childhood, his general health had been excellent His tonsils and adenoids had 
been removed when he was 21 years of age For the preceding ten jears, he had 
noticed a “goiter,” which had remained symptomless until about five months 
before admission to the hospital At that time, he noticed a drawing and an 
ache in the right side of Ins neck The swelling in the neck had not increased m 
size , the patient thought it had grown slightly smaller He had headaches at 



Fig 10 (case 5) — The superior mediastinal shadow is much widened, with 
projection of the tumor mass into the right pleural cavity The trachea is dis- 
placed toward the left 

night while at work in the railroad •> ards There had been no tremor of his 
hands, no sweating or flushing and no loss m weight 

Physical examination ie\ealed a well developed and well nourished young man 
There was no motor restlessness The skin was soft and cool, and showed no 
flushing It showed, however, numerous soft tumors, varying in size from about 
2 mm to 5 cm in diameter Some of these cutaneous nodules were sessile , 
others were pedunculated They were irregularlj distributed all over the body 
The skin also showed an irregular brownish pigmentation A few of these pig- 
mented areas measured from 2 to 5 cm in their lai gest diameter, but most of them 
looked like freckles 
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The skull was symmetrical A slight tenderness was present ovu the right 
mastoid process There was some fulness on the right side of the p'xirj nx as 
though some swelling from the outside were pressing inward The neck was large 
and asymmetrical, owing to the piesence of large bilateral masses The light 
mass ivas larger, and extended almost to the tip of the mastoid process, he\ ond the 



Fig 11 (case 5) — Patient with von Recklinghausen's disease Note the laige, 
almost pendulous, tumor mass m the right side of the neck This is the externally 
visible poition of the mediastinal giowth shown m figure 10 

midline and down behind the clavicle Its lowei pole was not palpable pressure 
on the lower edge caused coughing The left mass was not so large and was 
connected across the midline with that on the opposite side Its lower pole was 
also not felt The trachea was markedly displaced to the left The tumor masses 
were firm and somewhat irregularly lobulated A loud svstolic bruit could be 
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heard o\er the large cervical mass In addition, many small indurated, discrete 
nodules vv ere present superficially on both sides of the neck There were large 
dilated reins over the right side of the neck and shoulder 

The chest was well developed The right supraclavicular fossa was almost 
obliterated by the large tumor mass The left clavicle appeared more prominent 
There was a slight increased convexity of the right side of the chest posteriorly 
Chest expansion was good and appeared equal The lungs w r ere resonant every- 
where except for a slight impairment at the right apex Breath sounds were loud 
and bronchov esicular, especially at the right apex anteriorly and posteriorly With 
the exception of many bilaterally enlarged, indurated nodules m the cervical, 
axillary, epitrochleai and inguinal regions, examination of the rest of the body 
yielded no remarkable results 

Roentgen examination i e\ ealed a large mass in the mediastinum, extending 
from the base of the heait into the neck and measuring 14 cm in its greatest 
transverse diametei The trachea was displaced toward the left and apparently 
compressed (fig 10) 

The preoperative urinal} sis gave no unusual results The Wassermann test of 
the blood was negative 

At operation, an exploratory thyroid incision was made The tumor mass, 
which extended behind the manubrium sterm, was soft As total remoral was 
impiactical, onlj a biopsv was performed The pathologic report w r as edematous 
fibroma The patient was discharged with instructions to return for frequent 
observation 

He was seen again about tw'O months later Except for the operative scar, the 
physical observations were essentially the same as before (fig 11) 

About seven months later, the right side of the neck became enormouslv 
swollen and fluctuant On incision of the fluctuant area, degenerating and 
necrotic material was obtained A roentgen examination at that time showed a 
large mass pioiecting from the neck into the right side of the chest, which dis- 
placed tht trachea tow aid the left side This area measured approximately 
io bv 12 cm 

His third and last admission was about ten months after the first The chief 
compl unt at this time was pain and aching m the left side of his head and m the 
left shoulder In the neck were large, asymmetrical, bilateral masses which were 
more prominent on the rignt side The lower pole disappeared behind the sternum 
Pressure over this legion caused coughing The left clavicle was still slightly 
more prominent Both supraclav icular fossae were now obliterated 

At the second operation, the tumor masses had greatly increased in vascularity 
The portion projecting above the sternum was myxomatous and friable Anteriorly 
it crossed the midline to the left, evidently invading adjacent muscles Bleeding 
was controlled by sutures Two drams were inserted in the cavit}' formed by the 
removal of part of the tumor mass The pathologic report this time was spindle 
cell sarcoma rapidly growing and infiltrating adjacent structures 

After leaving the hospital, the patient continued to decline, and died a month 
later Autopsy was not permitted The patient probably died of internal metas- 
tasis, judging from the microscopic evidence of invasion of blood vessels by the 
sarcomatous cells 

Comment This case has been studied elsewheie m much moie 
detail by one of us (K H ) Sixty-foui similai cases were collected 

2° Hosoi, K Multiple Neurofibromatosis (von Recklinghausen’s Disease), 
with Special Reference to Malignant Transformation, Arch Sur°- 22 258 (Feb) 
1931 
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fiom the hteiatuie and the following conclusions weie cliawn Malig- 
nant tiansf oi mation takes place m about 13 pei cent of all cases of von 
Recklinghausen’s disease When this happens, the tumoi glows lapidly 
and tends to lecur locally even after lepeated opeiative measuies 
Metastasis is usually late and fiequcntly absent but may occui eaily 
In some cases, the mere extupation of a malignant tumoi oi even 
a benign one appeals to stimulate anothei neuiofibioma distantly 
located to undeigo saicomatous tiansf oi mation Piognosis is pool, 
the patient succumbing to cachexia and postopei ative complications 
if not to the metastasis 

Banse, 24 in 1908, lepoited an intei esting case of fibiosaicoma of 
the posterioi mediastinum with invasion of the veitebrae and the spinal 
canal, pioducing the chief symptoms of piogiessive weakness m both 
lower extremities Gi awitz’ fifth case 25 is somewhat similar m that 
a fibrosaicoma lying between the right apex of the lung and the 
esophagus mfiltiated the veitebral column and compiessed the spinal 
cord As m our second case, the neuiologic symptoms may tend to 
dominate the pictuie, di awing- one’s attention away fiom the 
mediastinum Recently, Ciile and Ball 20 lepoited tluee cases of 
pi unary neuiogemc tumoi s of the neck and the mediastinum and 
collected sixteen similar cases fiom the hteiatuie They expiessed the 
belief that surgical lemoval is the only tieatment for this type, as 
ladiuni and roentgen lays do not stop its further giowth We should 
like to stress the point that an opeiative attack on mesoblastic tumoi s 
of nerve ti unks, especially in cases of von Recklinghausen’s disease, 
must be undei taken with gieat caution 

Case 6 — Epidcnnoid Catcinoma of the Right Epat fatal Bionchus with 
Invasion of the Vcitcbia, Spinal Coid and Nave Roots 

L M , a man, aged S3, Hebrew, a clothes presser, was admitted on Oct 20, 
1928, to the service of Dr Thomas Ordway He had been in fair health until six 
months previously, when he acquired a cold with bronchitis and a cough which 
was worse at night Two months later, he was obliged to stop working as he 
suffered spells of weakness and dizziness He was told he had a “spot in his 
lung,” revealed by a roentgen examination made elsewhere He rested in the 
mountains for several months, but leturned because of a pain in his right shoulder 
which he understood was “pleurisy ” The cough continued to annoy him when- 
ever he lay down, and the thiobbmg pam in the muscles and soft parts around the 
right shoulder and axilla became so seveie and constant as to interfere with his 
sleep At no tune did he have night sweats, hemoptysis or much expectoration 

24 Banse, J Ueber intrathoracische Fibrome, Neurome und Fibrosarkome, 
Inaug Dissert , Greifswald, Feb 1, 1908 

25 Grawitz, P Demonstration einer neuen Gruppe intrathoracakaler Tumoren 
(Neuro-Fibrosarkome), Deutsche med Wchnschr 34 1123, 1908 

26 Crile, G W , and Ball, R P Primary Nerve Tumors of the Neck and 
Mediastinum, Surg Gynec Obst 48 449, 1929 
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Anorexia became marked Frecjuency of urination occurred both day and night 
His past history was uneventful 

The patient was poorly developed and undernourished The upper third of the 
right side of the chest was retracted and expansion was diminished over this area 
There seemed to be atrophy of the right pectoralis major, with definite tenderness 
over the soft parts of the right shoulder Definite dulness was present over the 
upper third of the right side of the chest anteriorly, with markedly increased 
vocal and tactile fremitus Breath sounds were increased over the upper third of 
both lungs, being particular^ noticeable from the third to the sixth dorsal vertebra 
The rest of the physical examination was not significant except that the prostate 
was moderately enlarged, the right lobe was firmer than the left, although not 
tender 



Fig 12 (case 6) —The roentgenogram shows that approximately 8 cm of the 
fourth rib has been destrojed just distal to the head with erosion of the right 
lateral border of the third and fourth dorsal vertebrae The diminished trans- 
mission of the ravs in the right upper lobe is due to tumor infiltration of the lung 
parenchyma 


The patient’s temperature ranged between normal and 101 F Numerous 
examinations of the sputum revealed no tubercle bacilli The blood chemistry and 
urinary observations were normal Tests of kidney function gave normal results 
The leukocyte count was 9,200 The Wassermann test was negative 

Roentgen examination showed that the right lateral holders of the third and 
fourth dorsal vertebrae were not clearly defined and that the trachea deviated 
toward the right (fig 12) It was felt that these observations in the vertebrae 
suggested pressure from without 

Neurologic examination bv Dr LaSalle r chain haul t revealed that the facial 
musculature uas relaxed on the right side when at rest The pupils were shghtlv 



H OS 01 -SI EWAR1 — MED! AS 1 INAL “1 UMORS 


249 


irregular, but reacted actively The vagus, glossopharyngeal and spinal accessory 
nerves were apparently normal There was considerable atrophy of the spmati, 
rhomboids, pectorals and biceps on the right side Acti\e movement was about 
normal in range, with good resistance to passive motion The scapulohumeral, 
pectoral, tricipital and radial reflexes were all active There were no objectne 
sensory losses in the upper extremities The right pulse was more voluminous 
than the left The lower extremities were normal These observations, together 
with the roentgen report, vere suggestive of a postenor mediastinal lesion com- 



Fig 13 (case 6) — The trachea and bronchi have been opened posteriorly to 
show the compression of the right eparterial bronchus by the tumor which projects 
slightly into the lumen of this bronchus (arrow) Note the large tumor masses 
m the angle of the bifurcation of the trachea 

pressing the spinal cord and to some extent encroaching on the efferent spinal 
neive roots of the superior thoracic region of the cord 

About five weeks after the patient entered the hospital a laminectomy was 
pei formed for relief from the intolerable pam The posterior nerve roots were 
sectioned from the sixth cervical to the sixth thoracic A specimen remoied from 
the spinal canal at this time revealed a squamous cell carcinoma, invading the bone 
and soft tissues 

The patient responded well to the operation and had some relief from pam 
His cough, however, continued to be a disturbing factoi He was up and about 
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the uard until about seven weeks after the operation, when paraplegia of the lower 
extremities with loss of sensation suddenly developed 

Neurologic examination at this time showed that there had developed, rather 
acutely , a transverse syndrome with flaccid paraplegia, sphmctenc disturbance, 
greatly weakened tendon jerks and loss of position, pam and thermal sensibility 
in the lower extremities This complication was felt to be due to myelomalacia 
resulting from thrombosis of the anterior spinal artery or, more probably, to 
compression or infiltration by the neoplasm 

The patient had more and more difficulty in breathing and died of pulmonary 
edema on the fifty-third day following the operation 

Necropsy was performed one hour after death A mediastinal tumor mass was 
found extending over the dome of the right thoracic cavity and down its posterior 
wall to about the level of the sixth rib, almost as far as the posterior axillary line 
(fig 13) The tumor could be seen to cover and invade the vertebral bodies at 
the lei el of the third and fourth thoracic vertebrae The thoracic aorta, trachea 
and esophagus were not involved Microscopic examination showed an epi- 
dermoid carcinoma of the right eparterial bronchus with invasion of the thoracic 
vertebrae, of the cord itself and of the nerve trunks with marked compression 
myelitis Mediastinal and bronchial hmph nodes were infiltrated with metastatic 
tumor growth 

Comment — Wellei , 27 in his geneiul leview of the pathology of the 
subject, stated that pnman caicinoma of the lung is lately diagnosed 
at a sufficiently early stage to allow foi successful suigical interven- 
tion, but that the diagnosis is being made more fiequently on the 
living patient than at autops) Shennan,- S like Wellei, stiessed the 
pieponderance of metastasis to the cential neivous system Accoiding 
to Lubaisch , 29 tumoi of the biam apoplex) and piogressive paralysis 
have been diagnosed fiequently in these cases of pulmonaiy caicinoma 
with cential metastasis Indeed, Filed " 0 and Wellei stated that the 
frequency of metastases to the central neivous system as found at 
autopsy is paialleled bv the fiequencv of clinical cases in which 
such metastases dominate the pictuie and lead to enoneous diagnoses 
This fiequent occunence of ceiebial metastasis has been attributed 
to the absence of a bamei between the lungs and the biam 

In our case, the confiimatoiy diagnosis was made by the finding 
of squamous cell caicinoma in the specimen lemoved fiom the spinal 
canal at the time of laminectomy In the light of clinical and roentgen 

27 Weller, C V The Pathology of Pnmarv Carcinoma of the Lung Gen- 
eral Renew, Arch Path 7 478 (March) 1929 

28 Shennan, R Tumors of Mediastinum and Lung, J Path <S_ Bact 31 365, 
1928 

29 Lubarsch 0 Eimges /.ur Sterbhchkeits- und Leicbenoffnungsstatistik 
Med Klin 20 299, 1924 

30 Fried, B M Pnman Carcinoma of the Lungs Further Study with 
Particular Attention to Incidence, Diagnosis, and Metastases to the Central Nervous 
System, Arch Int Med 40 340 (Sept ) 1927 
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obsei vations, the pathologic examination usually confiims the diag- 
nosis hy examination of the sputum or pleuial fluid foi “tumoi cells,” 
hy examination of the specimen obtained by piobatory puncture 01 
thiough the bronchoscope, and hy examination of the supeificial lymph 
nodes containing the metastasis 

If m a case of suspected mediastinal tumoi the expectoiated 01 
aspuated material contains a laige amount of pavement epithelium 
and fine hairs, the diagnosis of deimoid cyst 01 teiatoma of the 
mediastinum is suggested This subject has been exhaustively tieated 
in the excellent papeis of Dangschat , 31 Moins , 32 Christian , 33 Heitzlei , 34 
Han is , 35 Muiphy, 31 ’ and Smith and Stone 37 It is to be borne in mind 
that these tumoi s of congenital ongin can undeigo cai cmomatous 
01 saicomatous transfoimation They can he successfully enucleated 
if malignant changes have not yet taken place 

Case 7 — Ret) ostci nal Adenomatous Goxtei and Acccssoiy Thyioid m a Case 
of Eulai ged Pci sistent Thymus 

W E , a white man aged 36, American, single, a clerk, was admitted on May 
14, 1929, to the service of Di George E Beilby for a thyroidectomy Two months 
before admission to the hospital he first noticed that his heart action was more 
rapid than previously At that time there appeared also an increasing djspnea and 
excessive perspiration He had had pneumonia twice within the previous three 
years, in addition to tonsillitis, influenza and bronchial asthma 

It is interesting to note that his mother had a thyroidectomy the preceding year 
for exophthalmic goiter and that his sister had a subtotal thyroidectomy also for 
exophthalmic goiter a month previous to his admission 

After a course of compound solution of iodine, a bilateral subtotal thyioidec- 
tomy was performed on the tenth day of his stay in the hospital At this time, the 
edematous right lobe of the thyroid was exposed with difficulty as about three 
fourths of it lay underneath the clavicle It measured 4 inches (10 cm ) in the 
largest diameter The left lobe was similar to the right Microscopic examination 
showed it to be an adenoma of the thyroid with degenerative changes 

A few hours after the operation, the patient’s temperature, pulse rate and 
respirator}'' rate began to rise In two days, he died of acute bronchopneumonia 

31 Dangschat, B Beitrage zur Genese, Pathologie und Diagnose der Der- 
moidcysten und Teratome ini Mediastinum anticum, Beitr z khn Chir 38 692, 
1903 

32 Morris, R S Dermoid Cysts of the Mediastinum, M News 87 404, 438, 
494 and 538, 1905 

33 Christian, H A Solid Teratomata of the Mediastinum, J M Research 
16 275, 1907 

34 Hertzler Dermoids of the Mediastinum, Am J M Sc 152 165, 1916 

35 Harris, I B Mediastinal Dermoid with Report of Case, Ohio State M J 
15 547, 1919 

36 Murphy, J T Dermoid Cysts in the Thorax, with a Review of the 
Literature, J Radiol 3 8, 1922 

37 Smith, L W, and Stone, J S Tumors of the Mediastinum in Children, 
Ann Surg 79 687, 1924 



252 


ARCHIVES OF INTERNAL MEDICINE 


Necropsy was performed one and one-half hours post mortem There was 
acute bronchopneumonia in both lungs The right lung showed five lobes, instead 
of the usual three The superior mediastinum urns enlarged, measuring 7 cm 
across and 10 cm in depth There wrns an unusual amount of fat, with markel 
edema ot all the tissues The thymus (fig 14) was much enlarged Stumps of 
thyroid tissue on each lateral aspect of the trachea wmre still present No signs 
of infection or of hemorrhage were evident The right kidnej, normal in size and 
appeal ance, la\ on the lateral side of the promontory of the sacrum On micro- 



Fig 14 (case 7) — interior view of the thoracic structures Note the enlarged 
persistent tin raus which has pushed the upper lobes of the lungs apart The 
remains ot the thvroid are seen above the th\mus (arrow') 


scopic examination, the tin mus consisted of main lymphoid elements, with the 
persistence of numerous well formed Hassall’s corpuscles Serial sections ot 
several pieces of the enlarged thymus revealed a pea-sized island of accessorv 
thyroid tissue (fig 15), many of the acini of wduch wnre empty while a number 
of them contained colloid material Another anomaly observed wrns the presence 
of gland tubules, lined by cuboidal epithelium, m juxtaposition with Hassall’s 
corpuscles 
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Comment — It is seen that this patient presented a numbei of con- 
genital abnormalities, accessoiy lobes in the light lung, an enlaiged 
peisistent tlrymus, an accessory thyroid embedded in the thjmus 
letiosteinal thvioid and malposition of the light kidnej In addition, 
there was a familial predisposition to goiter Experience has shown 
that congenital defects aie often multiple 

Accessoiy thyroid tissue is most commonly found along the couise 
of the thyioglossal duct, particulaily m the legion of the h\oid bone 



Fig 15 (case 7) — Photomicrogi aph of the thymus, showing the island ol 
accessory thyroid tissue at the upper left-hand corner A number of the thyroid 
acini contain colloid material In the lower right corner, there are Hassall’s 
corpuscles Note the abundance of small thjnuc cells Hematovvlin and eosm 
stains, X 135 

(Streckeisen ss ) In the dog, they ate frequently found along the 
aoita wheie they may undergo goitrous enlargement, as shown by 

38 Streckeisen, \ Beitrage 7ur Morphologie der Schilddrtis^ Virchows 
Arch f path Anat 103 131 and 215, 1886 
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Wolfer 38 Huttyra 40 was able to demolish ate thyroid tissue even m 
the heart muscle In this case, accessoiy thyioid tissue was found 
embedded m the substance of the enlarged persistent thymus 

Thyroid tissue has also been found beneath the mucosa of the 
larynx 01 the trachea, with 01 without connection with the mam thyroid 
gland lying outside These have been found accidentally at autopsy 
or may have become evident through goitrous enlargements or even 
through caicmomatous transformation (Cappon , 41 Wegelin 4 - and 
others) Kronlem 43 reported an unusual case of stiuma intrathoracica 
retrotracheahs in which the almost fist-sized struma extended down 
from the mferioi pole of the left lobe of the thyroid into the thorax to 
the tracheal bifui cation between the trachea and esophagus It markedly 
compressed the adjacent structuies and even produced a marked scoliotic 
cuivature of the doisal spinal column In Bevan’s two cases 44 of 
mediastinal tumor, which proved to be substeinal th\ roid enlargement 
at operation, the symptomatology vas mainly referable to the increased 
mediastinal piessure In this case in spite of the presence of a retro- 
sternal adenomatous goiter and an enlaiged persistent thjmus, the symp- 
toms weie typically those of thjiotoxicosis The diagnosis of retrosernal 
thyroid becomes difficult when no toxic symptoms are present The 
absence of the thyioid gland in its usual position in the neck, as in 
Bee ail’s second case, ma\ sene to put the observer on bis guaid 

Quiescent retiosteinal stiumas can be diagnosed loentgenologically 
if calcium becomes deposited m degenerating, cistic, adenomatous 
goiters This was shown in one of our recent cases, in which roentgen 
examination mealed a laige calcified oval ball lepresentmg the retroster- 
nal struma, which was later venfied at autopsy (fig 16 ) 

Case 8 — Sacculai Ancinysm of the Ascending and Ti ansvci sc Poitions of the 
Aoi ta Simulating Mediastinal Tuinoi of Nonvasculai Ougni 

J McC , a white man, aged 43, American, married, a bookbinder, entered the 
medical service of Dr Thomas Ordway on Jan 25, 1928 complaining of cough, 
shortness of breath and loss of weight 

39 Wolfer, \ Die Aortendruse und der Aortenkropf, Wien med Wchn- 
sclir 29 198, 1879 

40 Hutt) ra, quoted bv von Eiselsberg, A F Die ICrankheiten der Sclnld- 
druse, Stuttgart, Ferdinand Enke, 1901, p 38 

41 Cappon, R Versprengte Schilddrusenkenne in den oberen Luftwegen, 
Inaug Dissert, Berlin, Aug 14, 1911 

42 Wegelin, C Zur Genese der mtralaryngotrachealen Struma, Centralbl f 
allg Path 33 73, 1922-1923 

43 Kronlem Ueber Struma intrathoracica retrotracheahs, Deutsche Ztschr 
f Chir 20 93, 1884 

44 Bevan, A D Two Cases of Mediastinal Tumor Which Proved to Be 
Substernal Thjroid Enlargements, S Clin North America 1 957, 1921 
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Except for mumps and “rheumatic” pains on one occasion when a child, he 
had always been in good health His family history was irrelevant His wife 
had had four children and no miscarriages Their oldest child had died a year 
previously with Pott’s disease 

His present illness was of about four or five months’ duration when he 
entered the hospital It began with excessive coughing which gradually became 
worse The coughing came in paroxysms, especially when he lay down, associated 
with pains in his chest and profuse perspiration He noticed that he was becoming 
weaker and unable to carry on his usual amount of work Dyspnea occurred on 
the slightest exertion Anorexia was marked, and recently he had noticed diffi- 
culty in swallowing, the food seeming to stick in his throat He expectorated a 
considerable amount of fiothy fluid but never any blood 



Fig 16 — Roentgenogram of a patient admitted m a hypoglycemic semicoma 
He had suffered from dyspnea and “asthma,” with edema of the ankles, for 
twenty years This plate revealed a large ovoid calcified tumor mass, 8 5 by 
6 3 cm (arrow), near the left apical region, suggesting a retrosternal thyroid 
verified later by autopsy The trachea is deflected toward the right 

Examination showed a poorly nounshed man who had great difficulty in 
breathing In his paroxysms of coughing, his face and neck became flushed from 
the distended blood vessels A respiratory stridor was evident when one stood 
near the patient The lips and mucous membranes were cyanotic The teeth were 
in poor condition The tonsils and pharynx were injected, and some exudate was 
present No cervical or suprasternal lymph nodes were palpable The thyroid 
was not enlarged 

The superficial veins of the neck and the chest were prominent, owing to the 
great distention Expansion was equal on both sides of the chest Ar inspirator-v 
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and expiratory thrill could be felt everywhere over the chest The heart was not 
enlarged to percussion The heart sounds were not readily audible, owing to the 
loud respiratory stridor The left lung was resonant throughout There was an 
area of dulness anteriorly o\er the right lung, extending from the apex to the 
third interspace and from the axilla to the sternum Posteriorly, this area of 
dulness extended down to the sixth interspace and from the vertebral column to 
the axilla Over both lungs, the breath sounds were replaced by a loud inspiratory 
and expiratory stridor, most marked in the dull areas No rales were present 
The results of the remainder of the physical examination were of no interest 
The temperature ranged between 97 and 98 6 F The pulse rate averaged 100 
and the respirations abom 25 per minute Examination of the blood showed 
hemoglobin, 90 per cent , red blood cells, 4,990,000, and white cells, 13,400 
Urinalysis and blood chemistry gave normal results The sputum contained acid- 
fast bacilli The serologic test ga\e a four plus fixation of complement with both 



Fig 17 (case 8) — A, the barium-filled esophagus is displaced toward the left 
The dense superior mediastinal shadow extends from the first rib to the upper 
border of the fourth rib anteriorly and 6 cm to the right of the sternum B, 
right lateral view The barium-filled esophagus is constricted at the level of the 
third rib anteriorly 

the cholesterinized and the acetone-insoluble antigens The Kahn test also showed 
four plus 

Roentgen examination shov r ed a dense shadow m the mediastinum extending 
from the first to the upper border of the fourth rib anteriorly and 6 cm to the 
right of the sternum, with compression of the lung tissue at the right upper lobe 
(fig 17) On fluoroscopic examination, the esophagus was displaced to the left 
and constricted at the level of the third rib antenoily The whole of the esophagus 
was smooth and regular The liquid barium passed down without difficulty 
although a small-sized capsule v-as arrested at the level of the third rib anteriorly 
The posterior mediastinum was encroached on bv the mass, but the vertebrae v 7 ere 
intact On stereoscopic examination, the mass previously described was seen in 
the anterior mediastinum There was obliteration of the right diaphragmatic 
sulcus, suggesting thickened pleura or a small effusion 
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The patient rapidly grew weak, and marked dyspnea developed He died eight 
days after admission to the hospital 

Autopsy was performed nine hours post mortem The clinical diagnosis was 
pulmonary tuberculosis, mediastinal tumor and syphilis The right pleural cavity 
was obliterated by dense fibrous adhesions There were only a few firm adhesions 
m the left pleural cavity Both lungs showed active tuberculosis with cavitation 

A saccular aneurysm, nearly 10 cm m diameter, was found about 4 cm above 
the aortic cusps It included the upper ascending and transverse portions of the 
aorta The cavity, about 8 cm in depth, had a roughened and somewhat stretched- 
out wall, which was lined by laminated layers of compact thrombus material, 
partially filling the aneurysmal sac In many places the aneurysmal wall showed 
organization of the thrombus Microscopic examination showed a typical syphilitic 
mesaortitis with marked atheroma and aneurysmal thinning of the wall 

Comment — Aneuiysms of the thoracic aoita may present diagnostic 
difficulties They may be mistaken foi tumois, and vice veisa In this 
case, although both the Wassermann and Kahn tests gave a four plus 
leaction, theie weie no tracheal tug, no anisocona and no inequality m 
the ladial pulse Fluoioscopic examination showed no expansile pulsa- 
tion of the mediastinal mass which steieoscopic study revealed to be 
located m the antenoi mediastinum The symptoms and signs weie 
mainly those of piessuie on the tiachea, on the supenoi vena cava 
and latei on the esophagus Aneuiysms generally affect the arterial 
cn dilation moie than the venous, whereas in this case theie was 
cyanosis of the mucous membranes with rnaiked distention of the 
supeificial veins ot the neck and chest The lapid piogiess (m fiom 
foul to five months), cachexia and rapid loss of weight all speak foi 
a malignant condition but the l apidity of the com se may have been due 
to the active pulmonaiy tubeiculosis As pointed out by Jack and 
Teacher, 45 then case of mediastinal tumor (endothelioma) with definite 
expansile pulsation shows that lare as the exceptions may be, there 
is no medical axiom of umveisal application 

SUMMARY 

1 Eight cases of difteient types of mediastinal tumor masses are 
i epoi ted 

2 There is not a single pathognomonic symptom oi sign on which 
one can place absolute tiust m the difteiential diagnosis of mediastinal 
tumoi s 

3 Metastasis to the central neivous system is commonly observed 
Such metastasis may initiate and dominate the symptomatology Hence, 
a diagnosis of pumaiy tumoi of the biam may be made m these cases 

45 Jack, W R, and Teacher, J H Case of Mediastinal Tumor with Expan- 
sile Pulsation, Glasgow M J 87 84, 1917 
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4 Tuberculosis may be suspected m the very early stages because 
of the persistent cough due to bionchial irritation by the gi owing tumor 
mass 

5 Clinical observations must be coi related with the roentgen and 
laboratory data Confirmatoiy evidence is obtained by (a) examination 
of the sputum oi pleuial fluid for tumor cells, ( b ) examination of 
the specimen obtained by piobatoiy punctuie oi through the bron- 
choscope and (c) examination of the superficial lymph nodes con- 
taining the metastasis (biopsy) 

The clinical histones of the cases reported were used with the permission of 
Drs A W Elting, T Ordway, G E Beilbv, L W Gorham and A H Stem, 
and the roentgenograms were furnished by Dr W P Howard 
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I UNTOWARD EFFECTS OF RAPID INJECTION 
(“SPEED SHOCK”) 

The lapid intravenous mtioduction of phaimacologically active 01 
meit chemicals, diugs and biologic fluids may fiequently give use to 
immediate and fai -leaching nonspecific sequelae, at times seuous, and 
occasionally fatal 1 This “speed shock” is a hazaid to the clinician and 
annoys and baffles the laboiatory woikei (chaits 1, 2, 3, 4 and 5) In 
this aiticle we shall describe, localize and discuss the possible mecha- 
nism of the deletenous effects of the lapid introduction into the blood 
stieam of lelatively innocuous substances 

MATERIAL AND TECHNIC 

Our observations were made on anesthetized and unanesthetized animals For 
the work without anesthesia, dogs and rabbits were used, and the injections were 
made with the hand syringe The rate of injection could not be accurately mea- 

1 Submitted for publication, April 30, 1930 

* From the Department of Pharmacology, College of Physicians and Sur- 
geons, Columbia University 

1 Hanzhk, P J , and Karsner, H T Comparison of Prophylactic Effects 
of Atropme and Epmephnne m Anaphylactic Shock and Anaphylactoid Phe- 
nomena from Various Colloids and Arsphenamine, J Pharmacol & Exper 
Therap 14 425 (Jan ) 1920 Manwaring, W H , Brill, S , and Boyd, W H 
Hepatic Reactions in Anaphylaxis Hepatic Mechanical Factor in Peptone Shock, 
J Immunol 8 121 (March) 1923 Dale, H H Histamin Shock, J Physiol 
41 318 (April) 1910, 52 355 (March) 1919, 52 361 (March) 1919 Mamvanng, 
W H , et al Hepatic Reactions in Anaphylaxis Hepatic Anaphylatoxin, J 
Immunol 10 575 (May) 1925 Osborne, T Principles of Therapeutics, Phila- 
delphia, W B Saunders Company, 1921 Lewis, J Route and Rate of Absorp- 
tion of Subcutaneously Injected Serum in Relation to Occurrence of Death After 
Injection of Antitoxic Horse Serum, J A M A 76 1342 (May 14) 1921 
Hanzhk, P J Basis of Allergic Phenomena, J A M A 82 2001 (June 21) 
1924 Karsner, H T Newer Knowledge of Bacteriology and Immunology, 
Chicago, University of Chicago Press, 1928, p 966, with full bibliography Hanzhk, 
P J , and Karsner, H T Anaphylactoid Phenomena from Various Agents 
Injected Intravenously, J Pharmacol & Exper Therap 14 379 (Jan) 1920, 
23 173 (April) 1924 Hanzhk, P J , De Eds, F, and Tamter, M L Blood 
and Symptomatic Changes Following Intravenous Injections of a Variety of 
Agents and Solutions, Arch Int Med 36 447 (Oct ) 1925 
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suied, but usually from 2 to 5 cc was introduced as rapidly as the plunger could 
be pressed Under anesthesia, sixty-two animals (dogs, cats, rabbits and mon- 
keys) i\ere used The dogs were given morphine before anesthesia The cats, of 
course, received no morphine Either a fixed anesthetic (chloretone or sodium iso- 
amyl-ethyl barbituric acid) or ether was administered In the anesthetized animals, 
we recorded the blood pressure from the carotid artery, and at times the respira- 
tions My ocardiograms were also made in three of the animals (chart 12) 
Fluids were injected into the saphenous vein previously prepared with a cannula 
When less than 5 cc was employed, the hand syringe was used and the plunger 
was driven home as rapidly as possible Larger injections were made by attaching 
the cannula to a 25 cc bmet The fluid was permitted to run in by gravity as 
rapidly as it might (usually from 3 to 10 cc per minute) Except when especialh 
mentioned m experiments planned to show the effects of the temperature of the 
fluids (charts 11 and 12), all the substances were introduced at room temperature 
Substances Intioduccd — The substances injected during the course of these 
experiments included 


( 1 ) 

( 2 ) 

(3) 


(4) 

(5) 


( 6 ) 

(7) 

( 8 ) 


Hypotonic solutions 

01% sodium chloride 

Isotonic solutions 

09% sodium chloride 

Hy pertomc solutions 

10% sodium chloride 
40% hexamethylenannne 
20% sodium citrate 

50% sodium salicylate 
10% sodium salicylate 
9% calcium chloride 
21% sodium iodide 

9% sodium bicarbonate 
5% copper sulphate 

Sugai s 

5% dextrose 

Colloids and gels 

50% dextrose 

6% acacia 

25% acacia 

5% gelatin 

10% peptone 

01% agar 

Suspensions 

01% Fuller’s earth 


Drugs (in addition to the aforementioned under hypertonic solutions), caf- 
feine, digitalis, pituitary, nitrites, epinephrine, digifohn, digitan, histamine, 
strophanthm, arsphenamine, ergot, ouabain, aconitine, coramin, homocamfin, 
atropine and quinine 

Biologic fluids Blood 

Serum 


Plan of Expenments — In general, after waiting for the reco\ery of the animal 
from the operative procedure, we obtained a “speed shock” by rapidly introducing 
1 or 2 cc of the agent under investigation (charts 1, 2, 4, 5 and 3) Occasionally, 
the reaction was fatal (charts 4, 5 and 3) No effort was made to resuscitate the 
animal If the animal recovered spontaneously (charts 1 and 2), a slow infusion 
of a large amount of the same substance was introduced to eliminate the pos- 
sibility that the reaction obtained might be specific to the substance or to an 
impurity The shock was then reinduced by a rapid injection so that we might be 
convinced that the animal was still “shockable ” After recovery , a second and 
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sometimes a third substance was injected into the animal m a similar manner, and 
usually, if the animal ,urvi\ed and was still m fair condition (which was often the 
case), one or more of the drugs of group 7 was emploeed Each substance was 
tried on at least three different animals and was ahvajs used at least once on a 
fresh animal In a few' of the experiments we reeersed the procedure and 
started with a slow' infusion and produced shock by a subsequent rapid injection 
(chart 3) 

CLINICAL SYMPIOMATOLOGA Or “SPEED SHOCK” 

In all of oui animals, n respective of the natuie of the substance 
injected, mespective of the type of expei iment and of all othei conti oiled 
A'ariables, we weie able at one time oi anothei to elicit m whole oi 
m pait a clinical syndiome to which we shall lefei as “speed shock* 
The reactions occuiied withm fiom foity to sixty seconds of the injec- 
tion These included salivation, vomiting, diaiihea, dyspnea muscle 
atony, oi at times muscle spasm Inconsistency and inconstancy of these 
symptoms was the uile Jn fact, this nregulant} led us to the belief 
that some nonspecific vanable, piobablv velocity, was at the bottom 
of oui inability to woik out the toxicity and phaimacology of a giouj) 
of pigments that we chanced to have undei investigation The majoi 
symptoms of “speed shock” consisted in changes m the blood and m 
cn dilatory and lespnatory symptoms The blood was lendeied non- 
coagulable We weie inclined to the belief that the shock leaction 
pieceded the blood change, and that the latter was indeed but a symptom 
ot the formei In “speed shock,” the blood piessme fell piecipitousl) 
This might be fatal (chaits 3, 4 and 5), oi lecovery might speedil) 
ensue (chaits 1 and 2), so that the tiacmg at least appealed no 
diffeient fiom the piecedmg stnp Coincident with the cnculatoiv SMnp- 
toms occuned lespiratoiy distiess (chaits 1 and 2) Theie weie 
simple dyspnea oi apnea and at times collapse of the lung with a 
sucking in of the thoracic wall oi at othei times seveie bronchospasm 
with a ballooning of the chest Death might lesult fiom the lespiratoi) 
or the circulatoiy accident At autopsies, the most marked changes 
were usually found m the lungs, confiimmg the clinical obsei vations, 
theie was either atelectasis oi emphysema Often laige fiesh tluombi 
could be found m the pulmonary veins Fiequently multiple punctate 
hemorrhages were noted m the abdominal visceia Less tempestuous 
fluctuations m blood pressuie weie also pioduced by altenng the late 
of flow within narrower limits (charts 9 and 10) An infusion made 
slightly too fast often caused a gentle but continuous fall of blood 
piessuie which adjusted itself when the infusion was stopped or slowed 
This reaction is piobably siinilai m eveiy way, except quantitatively, to 
the “speed shock ” 
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Charts 1 and 2 — “Speed shocks” with 20 per cent sodium citrate and spontaneous 
recover} Note the fall of blood pressure (upper tracing) and two types of respiratory 
response (lower tracing), the one with cessation m expiration (bronchospasm with 
emphysema) and the other in inspiration (collapse) The time marker is in periods of 
five seconds in all charts 
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Chart 2 
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FACTORS THAT MODIFY “SPEED SHOCIv” 

The “speed shock” could not be consistently obtained with all of 
the substances If an injection of 1 01 2 cc was not successful, usually 
a slightly gi eater amount of fluid (up to 5 cc ) oi an increase m the 
velocity of injection produced shock (chart 6) This was true whether 
we aie using a comparatively inert and small molecule such as sodium 



Chart 3 — “Speed shock” with hypotonic solution (0 1 per cent sodium chloride) 
Previously the animal had received 25 cc of the same solution slowly (1 cc per 
minute) without any effect on the blood pressure This illustrates how much 
more important is velocity than concentration, size of molecule, etc 

chlonde (chait 3) or a complex molecule such as melanin (chaits 
4 and 5) Using 1 or at most 2 cc, we could obtain a shock legulaily 
with 20 per cent sodium citiate (chaits 1 and 2) or 10 pel cent 
sodium chloride In geneial it was easier to pioduce shock with the 
hypertonic solutions, and a laige molecule was more effective than 
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a small one Again, the shock seemed more leadily pioduced with a 
fluid than with a viscous substance such as acacia (chait 14) The 
6 per cent acacia produced shock moie easily than the 25 per cent solu- 
tion, despite the large numbei of molecules in the lattei Unfoitunately, 
we had no way of measuiing these quantitative diffeiences The influ- 
ence of the tempeiatuie of the fluids wall be discussed latei 

REPEATED SHOCKS AND PROTECTION 

Repeated shocks w r eie pioduced with all of the substances mentioned 
except the sodium bicaibonate and the calcium salt (chaits 6 and 12) 
In some cases it seemed that theie was a shoit penod m wflnch the 
animal was not shockable A ceitam amount of piotection also seemed 
to Gccui with acacia (chait 14), and we had difficulty in pioducmg 
shock by injecting into one saphenous vein wdnle an infusion of acacia 
w r as l tinning into the othei vein 

IMPORTANCE 01 OTHER VARIABLES 

The pioduction of the shock pictuie with so vanable a list of 
substances pointed to the fact that the leaction must be due to some 
constantly piesent vanable Consequent!)', it was necessaiy to evaluate 
the impoitance of all othei possible conti lbutmg nonspecific factois 

1 Species ldiosynciasy was excluded, as cats, dogs, labbits and 
monkeys tveie used We might add, piematuiely, that identical leac- 
tions occur in man 

2 Morphine as a conti lbutmg cause was excluded, as it was not 
used m cats 

3 Anesthesia and anesthetics n r eie unimpoitant, for we obtained the 
syndrome in unanesthetized animals, and m animals anesthetized with 
ether oi with fixed anesthetics 

4 Pyiogemc substances in oui laboiatory diluents w^eie excluded, 
foi the reaction was not obtained when slow infusions weie used 
(chait 6) Many of the agents weie pui chased m ampules m the open 
mai ket 

5 The state of the cn dilatory system was unimpoitant Shock could 
be pioduced equally well whethei the blood pressuie ivas at a noimal 
oi a subnormal level (chait 13) 

6 The bulk of fluid injected (fiequently veiy large) modified but 
chd not appreciably aftect the reaction At tunes, with colossal amounts 
of fluid, such as from 10 to 20 cc per kilogiam we obseived “bulk 
leaction” It consisted usuall) of a slight use of blood pressure, a 
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considerable increase m the fling (pulse pressuie) and some slowing in 
the rate of the heart 

7 The tempei ature of the injected fluid played a minor and rela- 
tnely unimportant role (chaits 11 and 12) Usually the fluids w f eie 
injected at room tempei ature In certain of the expenments the tem- 
peiature of the fluids was caiefully controlled Shock was obtained 
at one time or another with any given substance at any temperatuie 
whether chilled oi warmed to body heat The reaction was slighth 
more seveie perhaps when the solution was cooled oi chilled The 



Charts 4 and 5 — Speed shock with a complicated molecule Fatal reaction 
occurred with 4 cc containing 1Q0 mg of melanin” gnen in ninety seconds (2 7 cc 
per minute) 


thermal effect, howevei was slight and insignificant when compared 
w ith velocit} Also, chilled solutions could be injected with impunit) 
piovided only that the late of injection w^as controlled 

8 Ihe production of piotem split pioducts, such as histamine, was 
imestigated by subjecting the fluid to dialysis The dial) sates leacted 
exactl) as the wdio’c pioducts oi residue m the bags 

9 Concentration was excluded b) obtaining shock with hjpotonic 
solutions (0 1 per cent sodium chlonde) as w T ell as moie concentiated 
solutions (chait 3) 
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10 Specific effects of the agents employed could be excluded b\ 
the 11 1 egulai lty of results and by the haimlessness of huge slow infu- 
sions of the agent 

The speed l eaction that we have desci ibed is a definite phenomenon 
It has pi eviously come to the attention of other woikeis Sollmann 2 
viote of “a pnmai) fall in blood pressure which is apt to occur with 
all kinds ot mtiavenous injections and which has been an annoying 
complication of expenmenters on animals and no less annoying m 
clinical piactice ” In then complete lepoit on the studies of mtiavenous 



Chart 6 — Between the hrst and second strips fifty minutes elapsed, dining 
which time a continuous slow' intravenous drip of Witte peptone (10 per cent,) 
was administered \ total of 25 Gm m 25 cc was infused or 12 5 cc per 
kilogram ot bod\ weight or 1 25 Gm per kilogram at a rate of 1 cc per two 
minutes No changes were noted until later slight shocks were obtained with 1 
and 2 cc injected rapidlj and marked shocks with 3 and 2 5 cc This illustrates 
protection b\ slow drip, toxicity due to speed, ability to cause shock repeatedh 
and absence of protection 

injections the Commission appointed by the Council on Pharmacy of 
the American Medical Association 3 said 

The rapid admimstiation intioduces several hazaids (1) the 
danger of overwhelming the heart and circulation with too great a 

2 Sollmann T Manual of Pharmacology, ed 3, Philadelphia, W B 
Saunders Compam, 1927 p 73 

3 Hunt, R McCann, W , Rowntree, L , Voegtlin, C , and Eggleston, C 
Status ot Intrai enous Therapi, J A M A 88 1798 (June 4) 1927, 90 764 
(March 10) 1928, 91 1372 (Noi 3) 1928 , 92 2099 (June 22) 1929 


Charts 7 and 8 — Bulk reactions from 6 and 25 per cent acacia Note the slight effect 
on the systolic but the considerable fall of diastolic pressure and the increase of pulse pressure 
Compare with “speed shock ’’ 



Chart 8 
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volume of fluid, and (2) the lisk of breaking down some compensaton 
mechanisms as those which maintain the leaction of the blood, its 
osmotic tension, viscosity, and the like, within the nairow limits of 
noimahty and the likelihood of carrying the drug m too high concen- 
tiation ” 

The fiist statement obviously lefeis to what we have descnbed as 
the “bulk leaction” This, we believe, is ovei emphasized, and m our 
experience was not paiticulaily haimful The second statement empha- 
sizes the lole of concentiation, and this, too, we believe, is 1 datively 
unimpoitant as compaied with the lapidity with which the molecules 
and agents aie introduced into the blood stieam 
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Chart 10 


Fuithei on this Committee stated that when “one consicleis the 
nicety with which these balances — physiological and phj sicochemical — 
must be pieseivcd, the giave consequence of then disturbance and the 
lelative ease with which they may be upset, it is tiuly lemarkable that 
theie aie not many more senous accidents than seem to be the case” 
These statements all appaiently arise fiom a familiarity with the 
“speed shock” that we have descnbed and that these other investigators 
appaiently encounteied but did not interpiet Even m his very complete 
textbook on phai macology, and paiticulaily m the section on “factors 
which modify mtiarenous injections” Sollmann 4 did not mention 
relocit} The othci textbooks on phai macology aie similaily silent on 
this point 


4 Sollmann (footnote 2, p 82) 
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LOCALIZATION OT THE SITE OF "'SPEED SHOCK” 

The localization of the site of the production of the leaction was oui 
next concern At one time we weie of the opinion that (a) some acute 
chemical distuibance occurred either in the hydiogen ion concentration 
01 of the anions and cations of the blood Loeb , 3 who has studied this 
pioblem, looked ovei our work and assured us that the speed with which 
this reaction was experienced eliminated the possibility that the dis- 
turbance was m these spheres and dissuaded us from any chemical 
studies This seemed particularly leasonable, because we obtained the 



Chart 11 — Left 

Charts 11 and 12 — Thermal experiments Note the shocks recorded when the 
same solution, chilled, cooled and at bod\ temperature was used Note in one 
experiment that shock was obtained with blood pressure at 30 mm of mercury, 
showing that the condition of the circulation is not a factor Compare the shock 


shock with any of the anions or cations and lriespective of the leaction 
ot the fluids The appearance of the trace suggested also ( b ) the intei - 
mention of the tagal system (chart 3 ) However the reaction could be 

5 Atchlev D W Loeb, R , Benedict R , and Palmer, W W Physical 
and Chemical Studies of Human Blood Serum, Arch Int Med 31 606, 611 and 
616 ("April) 1921 
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obtained with the vagus intact or seveied, and it could neithei be pie- 
rented noi be modified m any way by full doses of ati opine ( c ) Caidiac 
collapse was excluded by the myocai diogi ams which showed flight or 
secondaiy changes in the auncle and less m the ventncle (chait 12) 
The incoagulability of the blood suggested to Di Loeb that we might 
here be dealing with (d) a functional hepatic damage, and it was at his 
suggestion that we tued hepatic exclusions (chait 13) We could not 
pioduce the velocity leaction m animals when theie had been a complete 
lemoval of the hvei G 



Chart 11 — Right 

picture with the histamine reaction, especially m chart 12 in which a simultaneous 
myocardiogram was made (upper tracing, auricle, middle tracing, ventricle, 
lower tracing, blood pressure) The changes m the heart followed the fall of 
pressure and were more marked in the amide than in the \entncle The reaction 
is not central in origin 

POSSIBLE MECHANISM 

Obviously, then, the disturbances that we have desci ibed cannot occur 
without the intervention of the livei cell The rapidity of its develop- 
ment, foi it followed the injection veiy legularly between from foity 
to fifty seconds, suggested that some toxic substance of the histamine T 

6 Manwarmg et al (footnote 1, fourth reference) 

7 Dale (footnote 1, third reference) 








Chart 13 — Complete extirpation of the liver in a dog weighing 16 Kg The pressure was 100 at the end of the operation and fell progressively 
dunng the experiment Shock could not be obtained with 1, 2, 3, 4 and 5 and again 5 cc of sodium chloride (10 per cent) Compare with chart 9, 
where shock could be obtained with pressure at 30 
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variety -was libeiated by the mjuied liver cell, and that the syndrome 
described resulted fiom the circulation of this substance We attempted 
to demon sti ate this by an experiment in which blood pressure obser- 
vations were made simultaneously on two animals In the first animal 
shock was produced with a rapid injection, and as the blood pressure 
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Chart 14 — \cacia seems to offer some slight protection against “speed shock” 
\fter the infusion of 6 per cent acacia, shock could not be obtained even with 10 cc 
drncn in rapidh Note the bulk reaction, however Later, shock could not be 
produced with 1 cc of sodium citrate (20 per cent) 

fell 5 cc of blood was withdrawn from the heart of the animal The blood 
was then slowh injected into the second animal, how* evei , no alteration 
m blood pressuie occuried in this animal A similar situation is 
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piesent with the substance that pioduces tiue c anaphylaxis It too 
is not clemonsti able in the penpheral blood though present m the 
blood fiom the ligated inferior vena cava It is our belief that 
the site of action of the “speed shock” is in the lner cell The 
damage to the cell obviously occurs fiom a physical cause — a lapid 
collision of molecules lriespective of then configuration 01 chemistr) 
As a lesult of the temporal y cell damage, some potent and labile sub- 
stance is libei ated or escapes desti uction by the livei , and this substance 
is lesponsible foi the symptoms descnbed The toxic substance must 
be readily desti oyed and leadily formed anew Whethei 01 not it is 
histamine is a pioblem beyond oui capabilities 

RELATIONSHIP BETWEEN “SPEED SHOCK” AND SOME SIMILAR 

BIOLOGIC PHENOMENA 

Reaction pictuies lesemblmg “speed shock” aie frequently descnbed 
m the hteiatuie A gieat vanety of names has been applied to 1 elated 
if not identical phenomena colloidoclasis, hemoclasis, anaph} lactoid 
phenomena, etc It is our opinion that all of these have in common 
an mjuiy to the livei cell We wish to discuss heie the nnpoitance of 
velocity in the production of these related phenomena — paiticulail) the 
anaphylactoid leaction — to inquire specifically whethei 01 not the speed 
of injection is the vanable at the loot of all these leactions We are 
leluctant to open up controvei sial data, but we feel the necessity of 
emphasizing the importance of velocity and of dealing away the mul- 
tiplicity of names with then implications 

( 1 ) Anaphylactoid Reaction — Of all these leactions the anaph) lac- 
toid phenomena have been most completely and painstakingly studied 
by Hanzlik, Karsnei and their associates 8 in a classic senes of experi- 
ments These have been summarized individually by Hanzlik 9 and 
Kai sner 10 

These authois have furnished us with a notably complete pictuie 
of symptomatology and the alteiations that occur in the chemistiy of 
the blood Because of the lesemblance to anaphylaxis, they coined 
the teim anaphylactoid, and they have pointed out the extreme nnpoi- 
tance of this reaction m the general field of biology and medicine 
because of its relationship to tiue anaphylaxis and other immunologic 

8 Hanzlik, Karsner et al (footnote 1, first, se\enth, eighth, ninth and tenth 
references) 

9 Hanzlik (footnote 1 seventh reference) 

10 Karsner (footnote 1, eighth reference) 
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phenomena and its close alliance to such intei esting and baffling 
clinical phenomena as the posttiansfusion chill, the nitutoid crises 
and leactions following the injections of foieign piotem into the veins 

They have concluded that 11 the reaction depends on the “nature 
of the agent used, its dose, concenti ation and the state of the physical 
functions of the animal ” No mention of velocity is made in any of 
the ai tides othei than to state that the injections weie made through 
the buiet at the late of 3 cc per minute We are of the opinion that 
velocity v as of paramount importance m then woik and that the 
leactions weie dependent slightly if at all on the “agent used, its dose 
concenti ation 01 the state of the physical functions of the animals” 
They state again that “physical and chemical changes m the blood and 
tissues may always be expected when agents leach the blood stieam m 
effectual concentration and especially when mtioduced into the blood 
stieam,” whereas we believe this to be true only when the molecules aie 
drnen lapidly into the blood stieam and untiue when the molecules 
are slowl) mtioduced (“mtiavenous dup”) e\en if their concentration 
be gieat 

We have taken the libeity of leviewmg the ai tides fiom our point 
of view In the most recent and complete woik, lift} -six injections 
weie made into twenty-seven dogs anesthetized with ether 12 The fluids 
ivei e w aimed and given slowly through the buiet The rate of speed 
is not mentioned m this aiticle, but in an eailiei paper descnbmg woik 
done with guinea-pigs, a late of 3 cc pei minute w r as used Accoidmg 
to the chaits accompanying this papei however, the late of injection 
seems to haie been much moie lapid Measunng from the aiiow indi- 
cating the stait of injection to the fall m blood pressuie indicating the 
reaction so buef a penod elapses that the fluids must have been mtio- 
duced about as lapidly as w ? as possible In chart l, lu 66 cc w 7 as 
mtioduced in slightly more than one minute In the othei six chaits 
the rate seemed almost as lapid 

From the published chaits we find that twenty -three injections had 
no appieciable effect on the blood piessuie, pulse or lespirations 
(nos 12 13 and 15 with 0 9 per cent sodium chlonde, no 5 with meth- 
enamme, nos 3, 15 and 18 with 10 per cent sodium chlonde, nos 8 and 
10 with suciose , nos 11, 13 and 15 with dextiose , no 19 with urea , no 
19 with acacia , no 20 with gelatin , no 29 with barium , no 19 with cal- 
cium chlonde, no 19 with sodium bicaibonate, no 17 with citiate, nos 

11 Hanzlik et al (footnote 1, seventh and tenth references) 

12 Hanzlik et al (footnote 1, first and tenth references) 

13 Hanzlik et al (footnote 1, tenth reference) 
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13 and 23 with sodium iodide, nos 17 and 20 with disodmm acid phos- 
phate) , in eleven expenments the animal was in such pool condition at 
the time of injection that no conclusions could be drawn (nos 21 
with tyiode solution, no 14 with methenamme , no 16 with mea, no 21 
with sodium chlonde, no 24 with agar, no 21 with hoise seium no 28 



Chart 16 — “Speed shock” from autotransfusion of blood At 7, 5 cc of blood 
was withdrawal from the heart At S the blood was infused rapidly through a 
buret into the saphenous vein of the same animal Fatal “speed shock” resulted 
At autops\, the heart w'as still beating and there was no evidence of bleeding 

with citiate, no 27 with peptone, no 16 with sodium bicarbonate, and 
no 22 with sodium iodide) , m thiee animals so large a bulk of fluid had 
been mtioduced that the reaction seemed to result from volume (no 
17 leceived 575 cc , no 20, 310 cc and no 11, 445 cc ) Foui animals 
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collapsed some time after injections apparently fiom a specific toxicity 
of the drug employed (methenamine and sodium salicylate) Fifteen 
animals experienced immediate reactions of the type that we have 
described and that these authois termed anaphylactoid (nos 25 and 26 
with agai , no 14 with sodium chloi ide , nos 15 and 16 with methen- 
amine , nos 18 and 23 with acacia , nos 28 and 29 with kaolin , no 18 
with calcium chloride , no 32 with disodium aud phosphate , no 28 with 
histamine, no 28 with peptone , no 27 with aisphenamine) This sum- 
mary of these data ’excludes eleven of fifty-six experiments Of the 
remaining forty-five, twenty-thiee (52 per cent) weie negative, three 
(7 per cent) had a bulk reaction, foui (9 pei cent) had a late collapse 
and fifteen (32 per cent) showed the reaction we are now discussing 

Again, if one studies the individual agents employed, the same 
irregularity is observed Of foui injections ot saline, three gave no 
lesponse and one pioduced shock, of five with 10 pei cent sodium 
chloride, thiee pioduced no lesponse and two caused convulsions, of 
tlnee with agar, two caused shock and one an elevation of blood pies- 
suie, of two with calcium chloride, one pioduced shock and one no 
effect This irregularity, shown in analyses from all points of view, 
argues strongly against the reactions being caused by the “nature of 
the agent, its dose, concentration, or the state of the physical functions 
of the animal ’ We cannot possibly conceive of an intei pi etation of 
the shock reaction as due to the agent intioduced, knowing full well 
that agar, saline, dextrose and acacia aie absolutely inert sm geneus 

The use of the word anaphylactoid, we believe to be misleading 
Hanzhk and Karsnei have themselves pointed out the differences 
between tiue anaphjlaxis and the “anaphylactoid” phenomenon The 
latter is not necessanly caused by protein, it usually appears only on 
mtra\enous injection there is no penod of incubation, there is no true 
and definite state of piotection, hypersensitivity is not tiansfeiable, and 
desensitization does not occur The sole relationship to anaphylaxis as 
we interpiet it is the fact that both cause a distuibance of the liver 
cell giving rise secondarily to an identical syndrome Fiom a biologic 
and immunologic standpoint the reactions are wdiolly dissimilai 

Kaisnei 14 later indicated this wdien he said, “the lesemblance is 
signified by the term ‘anaphylactoid reactions or phenomena’ but this 
does not indicate necessarily that in then essential natuie they are 
directly related to anaphylaxis ” Again he 15 stated that “anaphylactoid 
reactions are foi the most part obviously in the circulating fluids 

14 Karsner (footnote 1, eighth reference, p 969) 

15 Karsner (footnote 1, eighth reference, p 988) 
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opeiatmg seconclaiily on Aanous body mechanisms, wheieas the leaction 
m anaplnlaxis is independent of changes m circulating fluids no 

piesentation can oveicome the fact that anaphjlaxis is an antigen- 
antibod) icaction and that anaphylactoid leactions are not” Hanzlik 10 
also stated that “whatever the ultimate explanation of the anaph)lactoid 
leaction, the results of this paper indicate that blood and symptomatic 
changes occui fiorn agents physically and chenucalh unrelated, some 
of which are 1 datively meit in the oidmaiy sense and also that moie 
piofound changes in the blood can occur than curient conceptions of 
1 egulatoi mechanisms w ould indicate ” 

In place of the teim anaphylactoid, we suggest that this stndiome 
be called “speed shock ” This emphasizes the most potent factor m 
its pathogenesis, thus being of the utmost practical value and, b) omis- 
sion, sti esses the telative unimportance of the “natme of the agent 
used, its dosage 01 concentiation ” It is thus a leaction based on 
technical enoi lathei than a pharmacologic, chemical 01 immunologic 
entity 

(2) Relationship to Di ug Responses — In phaimacologic studies, the 
“speed shock” might eithei seive as a constant hazaid in am mtia\enous 
therapy or it might cloud studies of posology and toxicology 

(a) Pioduction of “Speed Shock” by Commoner Diugs Used in 
Therapeutic Doses At the end of a number of oui expenments, both 
when animals tveie in good condition and when they were in a state 
of simulating shock or collapse, we injected in theiapeutic doses many 
of the moie frequently used drugs These weie given as lapidly as 
possible m an efifoit to pioduce the “speed shock ” At tunes, especialh 
with caffeine and the digitalis bodies, a use of blood piessuie was 
obtained We succeeded m obtaining typical “speed shocks” with caf- 
feine, digitalis bodies ergot, atropine, stiychmne, quinine, arsphenamme 
and homocaffeme The shocks were not l egularly pi oduced These i esults 
seived to emphasize anew the dangers of mtiavenous theiapy, foi 
especiall) in clinical emeigencies, the clinician might actually produce 
the “speed shock” in his effoit to mtioduce a therapeutic agent lapidh 

(b) Velocity as a Factor in Studies of Posology and Toxicology 
Studies of dosage and toxicit) should take into account the factor of 
Aelocit) To take an extieme example, histamine (chart 15). though 
a potent Aasodepiessoi in high concentration, when given as slowly as 
descnbed pieviously appears to be an inert substance The opposite 
euoi of attributing to a specific drug toxic s> mptoms lesultmg from 
too lapid injection is more fiequent Thioughout the woik of Hanzlik 

16 Hanzhh (footnote 1 tenth reference p 503) 
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and Kaisner, previously leferied to, “speed shock” symptoms aie 
attributed to the specific agent under consideration Without wishing 
to dwell again on these data, we believe that the long list of drugs and 
chemicals investigated by them are relatively innocuous with the 
exception of copper sulphate and sodium salicylate The lattei aie 
horribly toxic This is worthy of emphasis because of the use of 
sodium salicylate foi injection into varicose veins Among the sub- 
stances that aie quite nontoxic sin genens , we wish to stress hypo- 
tonic, hypertonic and isotonic saline, sodium citrate, iodide and 
particularly acacia The importance of the absolution of acacia is 
emphasized by the controversies legal ding its use clinically m shock 
and hemorrhage Many report exceedingly unfavorable experiences, 
while otheis (most recently Keith at the Mayo Clinic 17 ) are impressed 
with its a alue and have failed to encounter untoward reactions 
This controveisy might well be settled if the woik with acacia is 
lepeated with caieful attention to velocity in the injection of the 
fluids Oui expei lences with acacia in the laboiatoiy lead us to 
believe that it ma^ be an enormously valuable clinical adjuvant 
We have found the 25 pei cent solution to be less likely to cause ‘speed 
shock” than the 6 per cent We have been able also to produce “speed 
shock” with aisphenamme This suggests that there might be an inti- 
mate relationship between the mtntoid cnses and the “speed shock,” if, 
indeed, these aie not found to be identical Anothei example of enoi 
intioduced by “speed shock” is the pnmaiy fall of blood piessure 
lesulting immediately following the intiavenous admimstiation of 
digitalis ls This has been extensively' studied in view of the fact that 
it is difficult to undei stand so rapid an eftect fiom a drug that is 
notoriously deliberate in its dynamics We are convinced that this is 
not a specific effect of digitalis, but that it is caused by ovei rapid 
introduction of the solution This observation lias extieme clinical 
significance in the management of emergencies which demand lapid 
digitalization per vein “Speed shock” is of great significance, too, 
in the interpretation of the results of injection of the so-called blood 
pressure reducing substances, particularly those derived from the livei 
Workers in these fields should paiticularly mention their late of 
injection before discussing the specificity of the pioduct under inves- 
tigation 

(3) Postt? ansfusiou Reaction — We were cunous to ascertain 
whether the reactions following transfusion might be related to the 

17 Keith, N M Intravenous Medication, JAMA 93 1517 (Nov 16) 
1929 

18 Cohn A E , and Levy, R Effect of Therapeutic Doses of Digitalis on 
the Contraction of the Heart Muscle, J A M A 74 1597 (June 5) 1920 
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“speed shoek ” In one expen ment we withdrew 5 cc of blood from the 
heait of an anesthetized animal The blood pressme and lespnation 
weie momentarily affected, and when they veie normal again we 
lapidly infused the blood fiom a buret The animal died instant!} 
with the syndiome pieviously described (chait 16) The piesent 
tendency of transfusion specialists is to mciease the speed of injection 
especially when the syringe method is emplo) ed These studies suggest 
stiongly the necessity of leopenmg the problem of posttransfusion leac- 
Uons fiom the standpoint of consideration of the velocity injection Our 
expei lences would suggest that slowly admmisteied tiansfusions of 
citrated blood might show a complete absence of the velocity leactions, 
and these could easily be compared with a series of rapid injections 

(4) Sudden Deaths Follozvinq Inti avenous Injections — In Lam- 
son’s 19 leport on sudden deaths, he stated that many of the deaths veie 
“anaphylaxis-like phenomena ” No mention of velocity is made m these 
analyses Similarly, in the lepoit of Dnnkei and Bnttingham 20 con- 
cerning two deaths following tiansfusion, all of the possible factois 
aie analyzed except velocity We suggest that velocity might be the 
unknown factoi in these fatalities and that the syndiome pioduced 
might have been ‘speed shock ” 

SUMMARY 

1 The lapid injection into the vein of any molecule ma) lesult in 
widespread distui bailees 

2 This syndiome is descubed The teim “speed shock” is suggested 

3 “Speed shock” may tei inmate fatally 

4 The pi unary distui bance occurs in the liver cell 

5 The relationship between “speed shock” and the anaph) lactoid 
leaction and other allied biologic phenomena such as the nitntoid cnsis 
posttiansf usion leaction, etc is discussed The belief is expressed that 
these may be dependent on “speed shock” If not. then similanti lests 
on then common site of oiigm, viz the liver cell 

6 “Speed shock” is impoitant to the phaimacologist and euata due 
to failure to consider the factoi of velocity are illustrated 

7 In addition to its idle in the foregoing conditions “speed shock” 
may be important to the clinician as an explanation of the sudden deaths 
lejioited following inti avenous injection 

19 Lamson R W Sudden Death Associated with Injection of Foreign Sub- 
stances, JAMA 82 1091 (April 5) 1924 

20 Drinker C K and Brittingham, H H Transfusion Reactions Arch 
Int Med 23 133 (Feb) 1919 
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II TOLERANCE TO SLOW INFUSIONS (“THE INTRA- 
VENOUS DRIP”) 

Laboiatoiy woikeis and clinicians alike lecognize the impoitance 
of introducing fluids slowly into the blood stieam Friedmann 21 repoited 
150 instances of patients tieated with what he termed an “intravenous 
dup” at the late of about 2 to 5 cc pei minute Dextrose with added 
epmephnne was employed The most enthusiastic and consistent advocate 
of this type of therapy m this country has been Titus 22 By means of 
an ingenious apparatus he infuses mtei nnttently fiom 50 to 75 Gm of 
dextrose m 25 per cent solution at a late of 4 cc per minute He has 
pointed out its usefulness m toxic conditions associated especially with 
piegnanc} We have been unable to find any umfoimity m the definition 
of a slow injection Accoiding to the Committee on Intiavenous The- 
iap} 3 appointed by the Council of Phaimacy of the Amencan Medical 
Association, intiavenous injections should always be given slowly They 
quote onl} the figuies fiom the woikeis at the Majo Clinic who legal d 
a late of fiom 10 to 20 cc pei minute as a slow injection foi watei, 
salts and dextiose Keith 17 regaided fiom 30 to 40 cc a minute as a 
satisfaetoi} late of injection for dextiose He mentioned velocity again 
only to state that the late of injection of intiavenous solutions is 
often too lapid In Osboine’s textbook on thei apeutics 23 an injection 
of 1 quait m thnty minutes oi 30 cc pei minute is called a slow injec- 
tion Hanzlik and Karsner 24 advocated 3 cc pei minute m laboiatoiy 
animals 

MATERIAL AND TECHNIC 

In the first section of this paper we have described the materials and methods 
employed in our present study Here we shall discuss the results obtained m the 
same experiments, emphasizing, however, the relative innocuousness of the slow 
injection (intravenous drip) (charts 6 and 15) rather than the harmful effects of 
the speed shock (charts 1, 2, 3, 4 and 5) 

The slow infusions were made through the buret Usually a Murphy drip 
w r as placed between the tip of the buret and the vein cannula, so that we could 
accurately regulate the rate of flow Attempts to use complicated automatic 
apparatus were early discarded Conditions that require intravenous administra- 
tion are of sufficient importance to warrant the constant presence of the experi- 
menter or clinician There are so many variables, such as the variation in 
height of the column of fluid, the patency and caliber of the tubing, vein clotting, 
changes in blood pressure, etc , that no piece of apparatus can be found to care 

21 Friedmann, hi Ueber intravenose Dauerinfusion, Munchen med Wchn- 
schr 60 1022 (Nov) 1913 

22 Titus, P Apparatus for Regulating Rate of Flow' and Temperature of 
IntraAenous Injections of Dextrose and Other Solutions, J A M A 91 471 
(Aug 18) 1928 

23 Osborne (footnote 1, fifth reference) 

24 Hanzlik and Karsner, in Sollmann (footnote 2, p 380) 
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for all the exigencies that arise We wish to emphasize again that our solutions 
were injected at room temperature This w r as a deliberate measure on our part 
to accentuate the importance of velocitj in the continuous slow injection The 
chart appended presents data on the tremendous quantities of fluid bulk and 
substances that w r e ivere able to introduce into the blood stream under these con- 
ditions with absolute impunity and without altering the blood pressure It is m 
striking contrast to the serious and often fatal reactions that were obtained m using 
the same substances in small amounts but gieen rapidly into the blood stieam 

MODiriCA 1 ION OF CONCEPTION' 01' SPECIFIC TOXICITY 

These figuies demand a new definition of “specific toxicit}" of sub- 
stances The degree to which slow infusion mat modif) conceptions of 
toxicity is best lllustiated b) a lemaikable expei intent (chait 15) with 
histamine 10 Twenty-seven cubic centimeteis of histamine (1 pei cent) 

Effects of Slow Infusions 
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(1 cc equals 0 1 mg ) was infused slowly and contmuoush over 
a penod of one hundred minutes (1 cc in four minutes) The blood 
piessure of the animal w r as higher at the end than at the beginning 
of the infusion The respirations w 7 eie unaffected The onh xanations 
weie due to pinching the lubbei tubing in order to acceleiate the flow 
occasionall) Each of these pinches v 7 as accompanied by a maiked fall 
m blood piessuie, \eiifymg the potency of the diug In another experi- 
ment, 10 cc of hoise seium was infused slowdy into guinea-pigs sensi- 
tized ten da}s pieviously No evidences of anaphylaxis occuired Later 
0 1 cc was injected lapidly, and the animals died of t>pical shock 
These two experiments emphasize the importance of velocity in pio- 
ducing changes m concentration sufficient to negate the reaction of 
labile but potent substances Infused under the circumstances described 
that thieshold \alue could not be leached for the late of disappearance 
of the histamine must ha\e at least equaled the intake 
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Toxicity figures are also open to criticism when the nonspecific 
symptoms of speed shock have been attributed to inert agents employed 
rather than to the technical error of too rapid injection Thus Hanzlik 
and Kai sner speak of the toxicity of hexamethylenamme, agai, peptone 
Fuller’s earth, hypotonic and hypertonic saline, acacia, etc , whereas 
the symptoms pioduced are nonspecific and, unlike the histamine, not 
cumulative, unrelated to threshold value or concentration and are due 
wholly to the speed of injection 

NECESSITY or STANDARDIZING VELOCITY 

The velocity of injection should be standardized both in the labora- 
toiy and in the clinic We do not belive that any single rate can covei 
all drugs For obviously hypertonic solutions should be given slowei 
than isotonic and large molecules slower than small molecules Again, 
meit substances (saline, dextrose and acacia) may be given moie 
lapidly than slightly active substances such as methenamine 01 
arsphenamme These m turn can be given moie lapidly than potent 
substances such as histamine, epinephrine, etc Toxic substances such 
as copper sulphate, etc must be given intermittently as well as 
slowly if they aie to he given at all An ideal late would be one that 
eliminated the possibility of speed shock and yet permitted the diug 
or agent to reach its thieshold value and give its specific effect We 
suggest that in pharmacologic assays, at least, a rate of 1 cc pei 
minute should be accepted as standaid In the clinic this late would 
be impiacticable for an infusion of 500 cc would take eight oi ten 
hours to complete Foi clinical purposes, 2 oi 3 cc should be the 
uppei limit for amounts of ovei 100 cc and 1 cc a minute for 
smaller amounts These figuies should not be regaided as the last 
woid, but aie to be regarded as a fiist attempt to standaidize the 
velocity oi intravenous injections 

POSSIBLE CLINICAL VALUE or INTRAVENOUS DRIPS 

With slow infusions (intravenous drips) such as we have descnbed, 
it may be possible to give much laigei quantities of useful substances 
(acacia, dextrose, methenamine, serums, etc ) without the hazard of 
the nonspecific speed shock reactions oi even of tiue anaphylaxis The 
huge amounts of fluid that can be handled m this way also demonsti ate 
the extraordinary equihbratory mechanism m the body for handling 
fluid The -bulk reaction is easily recognizable and not dangerous It 
ma> be abolished by intermittent infusion or a slow rate Tne pos- 
sibility of applying these suggestions to the treatment foi shock and 



HIRSHFELD E 7 AL —INTRAVENOUS INJECTIONS 


28 7 


hemorrhage and m seium therapy is especially suggestive We suggest 
to clinicians who may he intei ested to follow these suggestions that the 
■vein be exposed and a large sized cannula tied m with ligatuies The 
fluids may be run m from a buret or reseivoir and need not necessarily 
be heated An electric pad wrapped around the terminal lubber tubing 
may be an added piotection It is conceivable that such an intravenous 
drip will prevent “speed shock,” anaphylactoid leactions, nitritoid and 
hemoclastic crisis, posttransfusion leactions, peptone shock and the 
sudden deaths, 25 described as following intravenous injections It is 
not even too much to hope that the tiue anaphylaxis 20 maj be avoided 

SUMMARY 

1 A slow mtiavenous dnp peimits of the mtioduction of huge 
quantities of fluid and agents of all soits 

2 Even toxic pioducts may be mtioduced with impunity, especially 
if the injection is mteriupted 

3 The piactical value of these obseivations in the pievention of 
“speed shock,” anaphtlaxis, anaphylactoid and allied biologic leactions 
is discussed 

Throughout these studies we have had the constant aid of Prof Charles C 
Lieb 

25 Hanzhk and Karsner (footnote 1, first reference) 

26 Lewis (footnote 1, sixth reference) 



REACTIONS FOLLOWING TRANSFUSION OF BLOOD, 
WITH URINARY SUPPRESSION AND UREMIA < 

JAMES BORDLEY, III, MD 

PHILADELPHIA 

INTRODUCTION 

Foi moie than 250 yeais those who have attempted to lestoie health 
by the tiansfeience of blood Iiom a noimal to a diseased person have 
been keenly aware of certain attending dangeis As early as 1667, Jean 
Baptiste Den)s descubed m vivid style 1 the outstanding featuies of the 
so-called hemolytic transfusion leaction, which until lecentiy sened as 
an inexplicable and insupeiable bamei to the tiansiusion of blood An 
undei standing of the natuie of the incompatibilities that aie lesponsible 
ioi these frequently fatal leactions came only aftei the studies of Land- 
steinei 2 on hemagglutination in 1901 , a simple method foi detei mining 
compatibility grew out of the classifications of Jansky (1907) and Moss 
(1910) As a lesult of these discoveries, tiansfusion of blood became a 
populai therapeutic pioceduie at about the time of the Woild Wai , 
today, provided one has taken the necessary precautions m piehmmai) 
giouping and cioss-agglutination tests, it is a pioceduie lelatively fiee 
fiom dangei Nevertheless, tiansfusion leactions still occui, and 
although some of them are undoubtedly due to caielessness m the pie- 
limmary steps, it has been learned that certain leactions, most of them 
mild but others severe and fatal, cannot be clearly explained on the 
basis of the obvious incompatibilities discoveied by Jansky and Moss 
In Older to separate the unimportant fiom the senous transfusion 
leactions, lecent authors have made an effort to formulate a classification 
of the vanous types The classifications aie for the most part symp- 
tomatology, and aie designed for the guidance of the operatoi of the 
tiansfusion, they deal pnmai lly with the occui rences duung and 
immediately following the injection of blood, they distinguish the 
trivial incidents from the danger signs Three broad types of reaction 
aie set forth the “incompatible,” the “citrate” and the “alleigic” The 

Submitted for publication, June 30, 1930 

From the Medical Clinic of the Johns Hopkins University and Hospital 

1 Denys’ patient, after a severe immediate reaction with paresthesia, sweat- 
ing, lumbar pain, smothering sensations and vomiting, “fell asleep about 10 
o’clock ” The next morning he seemed improved and “made a great glass full 
of urine, of a color as black as if it had been mixed with the soot of chimneys” 
(Kejnes, Geoffrey Blood Transfusion, New York, Oxford Universitv Press 
1922) 

2 Landsteiner, K Ueber Agglutinationserscheinungen normalen menschlichen 
Blutes, Wien klin Wchnschr 14 1132, 1901 
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names would imply that the classification is etiologic, but the etiology 
cannot be well established except for the fust of the thiee The type 
of reaction ongmally descnbed so well by Denys is the “incompatible” , 
it is neaily always associated with agglutination or hemolysis of the 
donoi’s cells by the recipient’s serum, in many cases, it will piove fatal 
unless the early manifestations aie observed by the operator The 
“citrate” leaction is generally chaiacterized by a still unexplained 
slightly delayed febnle lesponse, it is a common enough leaction even 
when the blood is given without the citrate and it foitunately seems 
haimless “Alleigic” reactions may take the foim of mticana, asthma, 
localized edema, severe shock or some other phenomenon belonging to 
the alleigic gioup Certain othei less common leactions do not fall 
leadily into any ordeily arrangement 

This classification of transfusion leactions is inadequate m one 
important respect It does not tell the complete stoiy of the reacting 
recipient One is left to wonder what happens to the peison who 
leceives blood that is not suited to his circulation and who, nevertheless, 
does not die immediately Does he always void “a great glass full” of 
sooty uime and then go on to a speedy iecoveiy ? Does he lemain ill 
for some time and lecovei by slow stages ? Does he linger on and die 
days or weeks later? A partial answei to these questions will be found 
m this papei, which piesents a number of cases m which the leactions 
following the transfusion weie gieatly piolonged or delayed foi several 
days 

The subject of delayed leactions following tiansfusion is not entirely 
new , a number of clinical and pathologic details have been outlined m 
case reports by vanous authois Just wheie these piolonged or delayed 
leactions fall into the common classifications it is difficult to say Fiom 
the available data one is led to believe that most of them, perhaps all, aie 
due to the use of demonstrably incompatible blood Many of them ongi- 
nated with the classic reaction of Denys Whethei 01 not they all belong to 
the same etiologic gioup, they certainly have many points m common, 
and the outstanding feature is nearly always urinai y suppiession with 
uienua When it is leahzed that a laige proportion of the serious 
leactions that have been leported since 1924 aie of this delayed type, 
the matter seems well worth review 

In the following pages, a detailed description will be found of three 
cases that were seen by the staff of Johns Hopkins Hospital and 
that aie leported for the first time 2a For pui poses of comparison 

2a Of these three cases I saw only case 1 The clinical observations on cases 
2 and 3 were made by other members of the hospital staff to whom I am indebted 
for many of the data presented m the succeeding parts of this paper Dr Warfield 
T Lotigcope was responsible for focusing our attention on the transfusion when 
case 1 first showed signs of uremia, and his very full notes on case 2 made it 
possible to trace accurately the various clinical events after a lapse of six years 



290 


ARCHIVES OF INTERNAL MEDICINE 


and study, fourteen other cases have been gathered fiom the literature 
and are presented in tabulated form Space will not allow a full abstract 
of the cases of other authois, but those who care to lefei to the ongmal 
descnptions cannot fail to be struck by the similarity of the clinical 
couise in almost all of them Bnef mention is made of several cases 
that undoubtedly belong to this group, but of which the available descup- 
tions are too scanty to peinnt piofitable tabulation All the cases 
included for discussion have been reported in recent years since the 
introduction of modem methods of transfusion No serious effort has 
been made to study systematically the literature pnor to the recognition 
of blood groups It is of intei est to know that reactions with severe 
renal involvement occuued dui mg the course of the earlier expei nnental 
work Ponfik, 3 m 1875, gave a full description of leactions of this kind 
m dogs given transfusions of foreign blood Levy 4 5 (1904), in an 
investigation of the renal changes found in experimental hemoglobinuria, 
cited a number of eailier contributions to the study of this subject 
Lmdau 3 (1928) presented a large bibhogiaphy which coieied many 
of the moi e recent studies 


REPORT Or CASES 

Casf 1 — A white woman, a housewife, aged 46, -was admitted to the medical 
service of Johns Hopkins Hospital on April 1, 1929, complaining of weakness, 
loss of weight and insomnia She had had pneumonia in childhood but no other 
serious illness There was no suggestion of previous nephritis or disease of the 
urinary tract She had been marned at 23 years of age, and had five healthy 
children, the youngest being 7 years of age Following the b rth of the last 
child, there had been a definite change in menstruation, the flow becoming more 
profuse and lasting seven days She began to “fail” about two years before 
admission, wnen her appetite became poor and she had insomnia After that 
there had been increasing pallor, nervousness, palpitation and finally shortness of 
breath on exertion and edema of the ankles The loss of weight had been 50 
pounds (22 7 Kg ) in tw r o years, her weight dropping from 1 50 pounds (68 Kg ) 
to 100 pounds (45 4 Kg ) 

Physical 1 x animation — There was great emaciation, and profound pallor of 
the skin and mucous membranes There w r as no jaundice or enlargement of the 
superficial lymph nodes The patient had many carious teeth The heart was 
a trifle enlarged to percussion , the apex impulse w'as readily visible , there was a 
loud systolic murmur of maximum intensity in the pulmonic area The pulse 
was full, with a rate of 100 per minute The blood pressure v'as 105 svstohc, and 
45 diastolic The abdominal muscles w'ere relaxed and atonic The margin of the 
liver was palpable , the spleen was definitely enlarged, extending from 4 to 5 cm 

3 Ponfik Experimentelle Beitrage zur Lehre von der Transfusion, Virchows 
Arch f path Anat 62 273, 1875 

4 Levy, L Untersuchungen uber die Nierenveranderungen bei experimentelle 
Hamoglobinurie, Deutsches Arch f klm Med 81 359, 1904 

5 Lindau, A Reaktionen nach Bluttransfusion Fine atiologische und 
pathologisch-anatomische Studie, Acta path et microbiol Scandinav 5 382, 1928 
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below the eost.il margin, with the edge lounded, smooth and firm Both kidneys 
were readily palpable 7 he vaginal outlet was relayed, there was a profuse, 

yellowish, foul-smelling leukorrhea 1 he cervix was soft and patulous and the 

fundus of the uterus was slightly enlarged Moderate pitting edema was found 
over both tibiae 

'i he urine, on admission, was aeid, with a speeifie gravity of 3 012, analysis 
revealed albumin many leukocytes and a few granular and hyaline easts but 

no red blood corpuscles 7 he blood test showed hemoglobin, 20 per rent , red 
blood cells, 1,800,000, white blood cells 5,000 with a normal differential count 
Jn the smears the red corpuscles appeared pale, and there was marked poikilo- 

cytosis 7 here was 0 6 per cent reticulocytes and the platelet count was 232,500 

7 he bleeding and dotting times were normal 'J he fragility of the erythrocytes 
was within normal limits 7 he Wasscrmann reaction of the blood was negative 
7 hr can den Bcrgb reaction was indirect showing 02 mg of bilirubin per 
hundred cubic centimeters 7 he nonprotein nitrogen content was 20 mg per 
hundred cubic centimeters , the uric acid, 2 7 mg , and the blood sugar, 87 mg 
7 he phthalcin excretion was 65 per cent in two hours Gastric analysis showed 
no free hydrochloric acid after stimulation with histamine Roentgenologic 
studies of the chest and the entire gaslro-mtestinal tract revealed nothing of 
importanec 

ft was decided that the anemia was probably due to loss of blood from the 
uterus, and in order to prepare the patient for a uterine curettage and a possible 
laparotomy, blood transfusion seemed the procedure of choice Previous to the 
transfusion the albuminuria had subsided to a bare trace and the casts had 
disappeared 

7 he patient and the selected donor were both reported by the laboratory to be 
members of group JJ fMossJ Direct matching of the blood showed no < ross- 
agglutmation after two hours After the transfusion this work was all rcc becked 
and it was found that after standing two hours the cells of the donor showed 
slight agglutination in the recipient's serum Regrouping revealed the fact that 
whereas the donor was of group If, the recipient was of group IV ("Moss; 
Fresh, eitrated blood was used for the transfusion, which was begun early 
in the iflcrnoon of April 5 7 he events that accompanied the injection of blood 
arc of such interest that they will be re late el m detail 

J umsfuuon and Immediate Reaction — 7 he injection, which was controlled by 
a 20 cc syringe, proceeded slowly During the introduction of the first 20 cc 
there was an abrujit fall in jiulsc rate from 90 to 70 per minute, and the jialient 
complained of "creepy sensations" all over her body She said that her head felt 
full and tight "as though it were going to burst" 7 he subjective change seemed 
so definite that five minutes was allowed to jmss before the injection was con- 
tinued A second 20 cc was introduced cautiously 7 he pulse rate, which had risen 
to 90, again fell to 70 and the patient complained of a severe headache Her face 
became suffused, there was fulness of the veins of the neck, respiration grew 
shallow and labored , she became nauseated and soon vomited 7 he blood 
pressure at this stage was 120 systolic and 60 diastolic, just where it had been the 
previous day ft was decider! to discontinue the transfusion and the needle was 
removed from the vein After an interval of twenty minutes, the patient 
announced that she was feeling fine We were so confident of our blood matching 
that the transfusion was resumed It took five minutes to inject the third 20 ce 
and during this period, although the pulse fell from 90 to 60, there were no 
untoward symptoms, and the blood pressure remained at 120 systolic and 60 
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diastolic Alter a pause of five minutes, the fourth 20 cc was injected and again 
the pulse fell from 90 to 70 In five minutes the pulse had returned to 90 There 
were no srmptoms as the fifth injection of 20 cc was started Scarcely 10 cc had 
been injected when the patient suddenly complained of lumbar backache, fulness 
of the head, nausea and faintness She became short of breath and cyanotic, the 
pulse rate rose rapidly and the beats could barely be detected at the wrist The 
transfusion was discontinued at 4 30 p m, after a total of 90 cc had been 
mj ected 

At 4 45 p m there was a violent chill and the patient had an mvoluntarv stool 
The temperature was 101 8 F , the pulse rate 128 and the respiratory rate 26 
At 5 15 p m the chill ended, but cyanosis was still marked and respiration was 
rapid and deep There was considerable spontaneous bleeding from the vem- 
punctuie w'ounds in both arms, wdnch could be controlled only by the application 
of pressure bandages At 5 30 p m , the temperature w'as 104 6 F , the pulse rate 
142 and the respiration rate 38 At 6 00 p m , she said that she felt warm and 
sleepy, she w'as perspiring freel> and the temperature w'as 106 F By 7 00 p m, 
the temperature had fallen to 104 6 F, the pulse rate to 118 and the respiration 
rate to 2S, cjanosis had disappeared and she was breathing freely At this point 
moderate laginal bleeding w'as first noted (menstruation w'as not due until 
seven dais later) After a night’s sleep, she felt fairly well At 5 00 a m 
April 6, she voided 100 cc of coffee-colored urine, containing much hemoglobin, 
albumin -) — (--} a few r red blood cells and no casts At 6 00 a m the temperature 
was 100 8 F , the pulse rate 98 and the respiration rate 22 At 8 00 a m , she 
again loided 100 cc of dark brown urine She complained of anorexia and 
nausea and \onuted at noon At 5 00 p m, she passed 25 cc of dark urine 
In spite of the fact that the temperature had risen to 102 F she felt better in 
the evening and ate a good supper 

Postti ansfutton Com sc and Delayed Reaction — The couise can best be fol- 
lowed in figure 1 

On April 7, 8, and 9, the patient seemed to be recovering satisfactorilv from 
what was thought to be a hemolytic “incompatible” transfusion reaction The 
hemoglobinui la, jaundice, and vomiting, which had been striking features on the 
day after transfusion, subsided rapidlv and finally disappeared Transfusions of 
citrated group IV (Moss) blood on April 7 and 9 (550 and 500 cc , respectivelv) 
were followed bv mild “citrate” reactions without additional symptoms Urinary 
suppression, which w r as marked on April 7 and 8, attracted little attention at the 
time On each of these two days there w'as only a single small voiding which 
unfortunately w'as not measured 

In the afternoon of April 9 (the fourth day after transfusion), though she 
seemed to be improving m every respect, the patient displayed a peculiar appre- 
hension She said that she had a “funny feeling” in her head and that there were 
films before her eyes She announced that she w’as going to die, and despite 
reassurance persisted in this opinion On April 10, apprehension and agitation 
became more marked, that night she carried on a lengthy, rambbng conversation 
with a neighboring patient wdnch she did not remember on the following morning 
She W'as continually talking of death On the night of April 11, she talked 
irrationally, and her husband told us that she seemed to him “entirely out of her 
head ” On the morning of April 12, she decided that she did “not wish to die 
in the hospital” and insisted on being taken home Aside from these queer 
and unexplained mental reactions, the patient appeared to be doing w'ell At 
4 p m on April 12 (8 days after the transfusion), she suddenly had a generalized 
convulsion lasting 15 minutes and passed into a state of semicoma In the even 
mg she became completely comatose and had frequent generalized convulsions 
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At 7 00 p m , large, brmsehke, purplish spots appeared on both arms and a small, 
fresh hemorrhage was seen m the fundus of the left eye A few hours later, a 
fine petechial eruption was noted at the base of the neck Studies of the blood 
at this point showed normal bleeding and clotting times, with normal retraction 



immediate reaction with chill, fever and vomiting, soon followed by hemoglobinuria 
and unnarj suppression Uremic manifestations, including convulsions and coma, 
appeared on the eighth day Recoierj was associated with diuresis 

of the clot The platelet count, however, had fallen to 110,000 The \an den 
Bergh reaction was negatne There had been a remarkable rise m blood non- 
protem nitrogen to 132 mg per hundred cubic centimeters 
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Early in the morning on April 13, she regained consciousness At 9 00 a m , 
she was oriented but drowsy and listless The urine showed a trace of albumin 
and a few red blood corpuscles Together with the symptomatic improvement 
on that day, the urinary suppression gave way to diuresis, which on the next day 
amounted to 5,000 cc of urine m twenty-four hours As the diuresis progressed 
the patient cleared mentally and the blood nonprotein nitrogen content fell 
gradually to normal The details of the clinical course are clearly indicated m 
figure 1 

Additional studies which do not appear in the chart are On April 16, exami- 
nation of blood showed uric acid, 5 4 mg per hundred cubic centimeters , 
creatinine, 2 mg , carbon dioxide combining power of plasma, 49 4 per cent by 
volume and phosphorus, 7 5 mg per hundred cubic centimeters On April 23, 
the cerebrospinal fluid showed neither cytologic nor serologic abnormality 

By April 25, the patient had completely recovered from the effects of the 
delayed transtusion reaction 

Subsequent Com sc — On May 9, she seemed in excellent condition for operation 
and was sent to the gynecologic service where a dilation and curettage operation 
was performed, and a cervical polyp removed The gynecologic diagnosis was 
hyperplasia of the endometrium, benign cervical polyp and chronic endocervicitis 

Mhen discharged from the hospital on May 15, the patient’s blood was well 
above its level on admission, the nonprotein nitrogen content had fallen below 
30 mg per hundred cubic centimeters The phthalein excretion had risen to 
50 per cent in two hours , the urine was entirely normal and the blood pressure 
was 134 systolic and 80 diastolic 

After discharge she returned to the hospital frequently for follow-up exami- 
nations When seen on Julv 1, she seemed perfectly well, had gained 20 pounds 
(9 Kg ) in weight, and the blood picture, urine, phthalem excretion and non- 
protein nitrogen of the blood were all entirely normal (fig 1) 

Summary — A transfusion with 90 cc of incompatible blood was followed by 
an immediate reaction with shock, chill, fever, vomiting, hemoglobinuria, jaundice 
and urinary suppression The acute syunptoms subsided but the urmarv 
suppression continued A secondary, delayed reaction, which reached its peak 
on the eighth day after transfusion, was characterized by agitation, psychosis, 
lv\ pertension, reduced phthalein excretion, nitrogen retention, purpura, convulsions 
and coma Recovery^ began on the ninth day and was associated with consider- 
able diuresis Three months later the patient was well 

Case 2 — A white man, aged 52, had been sick for about three years , he was first 
admitted to the Johns Hopkins Hospital m July, 1922 The diagnosis was perni- 
cious anemia The blood examination showed red blood cells, 1,200,000, hemo- 
globin, 32 per cent, and white blood cells, 5,200 The urine was normal The 
phthalem excretion was 57 per cent in two hours The blood was found to be 
group IV (Moss) The patient was given five transfusions of blood from group IV 
He was discharged much improved, showing red blood cells 4,000,000, hemoglobin 
60 per cent and white blood cells 8,000 He was readmitted to the hospital on 
Jan 26, 1923 during a relapse On January 28, he was prepared for transfusion 
In the existing record there is no laboratory report of blood-grouping or cross- 
matching previous to this transfusion, though from the established practice in 
the hospital and the remarks in the record, one may presume that cross-matched 
group IV (Moss) blood was utilized The important data following this 
transfusion are presented m figure 2 
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As I did not see the patient, I quote the progress notes from the record 
January 28 The patient received 500 cc of citrated blood, about thirty minutes 
later there was a slight chill In one hour the temperature was 100 4 F , in two 
hours, 104 F and in three hours 106 7 F There was considerable nausea and 
some vomiting Morphia quieted him and in four hours the temperature was 
104 F, but the heart sounds were weak, at times they were slow and at other 
times rapid The blood pressure could not be determined and the patient was 
practically pulseless at the wrist 

January 31 The patient was more deeply jaundiced He voided 275 cc of 
urine, the first since the transfusion (?) The urine contained red blood cells, 
casts, albumin and a great quantity of urobilin 

February 1 A fine hemorrhagic pruritic eruption appeared on the arms and 
legs 

February 2 The patient seemed better, Ins color •was not so yellorv The 
rash was slightly elevated and did not fade on pressure It w'as composed of 
pinpoint hemorrhagic spots 

February 3 The patient was weak and still nauseated, but severe vomiting 
had not been present since January 31 He had no appetite The purpuric erup- 
tion w'as extensive and bright It w'as almost confluent over the inner surface of 
the calves and the right forearm The pectoral folds, the inner surface of the 
thighs, the buttocks and the inner aspect of the left elbow w'ere thickly peppered 
with fine, bright petechiae The abdomen and the chest were sparsely sprinkled 
With petechiae The nose had been irritated and a thin blood-tmged fluid w'as 
occasionally blown out There w'ere no hemorrhages in the conjunctival or the 
buccal mucosa The eyegrounds showed no hemorrhages 

February 5 The patient w'as much improved Ihe nausea had diminished 
There w r as less jaundice and the rash was fading 

February 6 The purpuric eruption had disappeared 

The patient ultimately recovered from this reaction and returned home wuthout 
another transfusion On Februarv 15, about tw'o weeks after the transfusion, 
agglutination tests W'ere made and it was noted that “the patient now shows group 
II (Moss) blood” It is of interest that there were tw'o subsequent admis- 
sions to the hospital in 1923 and 1924 The blood was always found to 
belong to group II (Moss), but there w'as much difficulty m obtaining proper 
cross-matching with prospectne donors He w r as given five large transfusions 
with group II (Moss) blood, some followed by mild reactions and others wnthout 
symptoms He died during a violent immediate reaction on April 10, 1924, fol- 
lowing the injection of 250 cc of group II cross-matched blood 

Summaiy — A transfusion with 500 cc of w'hat w r as probably incompatible 
blood was followed by an immediate reaction wuth chill, fever, collapse, vomiting, 
jaundice, urinary suppression and urobihnuria Following this, there was a 
delayed reaction w'luch reached its peak on about the eighth day after the trans- 
fusion and which w r as characterized by purpura, nitrogen retention, reduced 
phthalem excretion and slight rise m blood pressure Recovery was coincident 
wuth a rise in the phthalem excretion and a fall in the ronprotein nitrogen content 
of the blood 

Case 3 — A w'hite man, aged 39, was first admitted to the Johns Hopkins 
Hospital in October, 1920, during the fourth relapse of a characteristic pernicious 
anemia In the hospital the disease underwent spontaneous remission He was 
discharged after the blood had improved from a red blood cell count of 1,648,000 
wuth 42 per cent hemoglobin, to a red blood cell count of 3,768,000 with hemo- 
globin, 75 per cent The urine was normal The patient w'as readmitted on Maj 
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20, 1922, during the seventh relapse The blood showed red blood cells, 1,336,000, 
hemoglobin, 30 per cent, and white blood cells, 4,000 The blood was found to be 
group IV (Moss) 

On Ma> 29, utilizing blood which had been tested for cross-agglutination, a 
transfusion was attempted but was stopped immediately because “the patient 
became cyanotic, his face began to swell, his breath came with difficulty and he 
finally collapsed” On June 10 he was given a transfusion of 750 cc of citrated 
blood without an immediate or subsequent reaction On June 30, a third trans- 
fusion was undertaken with blood that had previously been tested for cross- 
agglutination The more important features of the couise following transfusion 
are recorded m figure 3 As I did not see this patient, I quote the following 
remarks from the progress notes m the record 

June 30 The patient was given a transfusion After 50 cc had been injected, 
the patient began to complain of a smothering sensation Atropine, 0 01 grain 
(0 00065 Gm), and epinephrine, 15 minims (0 92 cc), relieved this and the 
injection proceeded After 350 cc had been injected the patient vomited and 
had a chill and the injection was stopped The temperature rose to 104 5 F and 
the patient could retain nothing by mouth for eight hours 

July 1 The urine was dear and straw colored, it contained no albumin 
The guaiac reaction was negative 

July 2 The reaction from the transfusion had subsided, but the patient still 
complained of nausea 

July 4 For forty-eight hours the patient had been unable to retain anything 
by mouth 

July 6 The urine was acid, with a specific gravity of 1 020, albumin -f- and the 
guaiac reaction negative 

July 7 The patient had vomited for three davs Since the day before, his 
respirations had been deep and slow , hyperpnta was pronounced and the patient 
was drowsy 

July 8 The urine was acid, containing albumin -4-++-K and hyaline and 
granular casts The guaiac reaction was negative The blood showed nonpro- 
tein nitrogen, 186 3 mg per hundred cubic centimeters, and carbon dioxide com- 
bining power, 18 7 per cent by volume 

July 10 The blood showed nonprotem nitrogen, 186 mg per hundred cubic 
centimeters , sugar, 123 mg , creatinine, 10 1 mg , chloride, 486 mg , and carbon 
dioxide combining power, 22 5 per cent by volume For twenty-four hours there 
had been marked oliguria, a state of semicoma and convulsions The patient could 
not be roused There were tracheal rales He had labored breathing The face 
had a curious suffused look No jaundice was apparent He gave some evidence 
of discomfort on pressure in the right upper abdominal quadrant Shortly after 
this note was made, the patient died 

Autopsy — In addition to the changes m the liver and kidneys, which will be 
described in detail, the following points are of interest There was slight edema 
of the ankles, general pallor of the organs, well preserved subcutaneous fat which 
had a characteristic bright, lemon-yellow tint, bilateral hydrothorax (300 cc on 
each side) and a few small areas of fresh looular pneumonia The spleen was 
enlarged (520 Gm ) In microscopic preparations there was no striking abnor- 
mality of the spleen , the malpighian bodies and venous sinuses stood out sharply , 
many erythrocytes were m the sinuses and scattered through the reticulum, there 
were a few scattered myelocytes, mostly eosinophilic The bone-marrow was hv per- 
plastic, containing many normoblasts and megaloblasts and a moderate number of 
megalokarv ocy tes 
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The liver was large (2,600 Gm ) , its surface was smooth and grayish red with 
indistinct lobulation For microscopic study only hematoxylin and eosm prepara- 
tions were used, the tissue was not available for other stains The lobules were 
arranged normally and the parenchvmal cells were clouay, many small vacuoles 
were apparently due to deposits of fat Nearly all of the cells, but particularly 
those of the periportal areas, were sprinkled with fine, yellowish-brown pigment 



Fig 3 (case 3) — Course of a patient who was given a transfusion of 350 cc 
of blood An immediate reaction was followed by persistent vomiting and oliguria 
Uremic manifestations developed gradually and the patient died on the eleventh dav 

granules There was distinct central atrophy, and in addition a number of 
central necroses, in some of which the nuclei were no longer visible and the 
normal cellular structure had been replaced bv smooth hvahne and fibrous tissue, 
m which there was a scattering of hmphocjtes and a few large, pigment-laden 
mononuclear cells with shrunken nuclei 
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The kidneys were large, the right one weighing 289 Gm and the left one, 
300 Gm The capsule stripped easily leaving a smooth, graytsh-red, glistening 
surface The cortex was 7 mm in thickness, dull, yellowish gray and rather 
translucent, the striae were fairly distinct The glomeruli were readily visible as 
pale yellow, translucent elevated dots The pyramids were of much deeper red 
color Several small, dark red hemorrhages were present m the mucosa of the 
right renal pelvis The ureters were patent Microscopic examination showed the 
capsular surface to be regular The tubules were widely separated by loosely 
arranged, edematous tissue, in which only a few delicate strands took up the 
pmk of the van Gieson stain There were a few inconspicuous, old fibrous 
scars containing clumps of lymphocytes There was a remarkable cellular 



Fig 4 (case 3) — Photomicrograph of the kidney, showing a group of collect- 
ing tubules, many of them containing blood pigment, cells and debris , X 90 

infiltration throughout the edematous interstitial tissue, most of the cells were 
hmphocytes, but there w r ere a number of small groups, some of them peri- 
arterial, in which there was a striking number of large, mononuclear wandering 
cells and polymorphonuclear leukocytes The arteries and veins were not remark- 
able The glomeruli appeared large, with a relatively wide intracapsular space 
A few glomerular capsules showed slight fibrous thickening, but the capillary- 
tufts were everywhere normal and there was no evidence of acute or progressive 
glomerular disease After examining many sections it was possible to demonstrate 
two or three obliterated and fibrosed glomeruli The tubules of the cortex 
had large lumina and flattened epithelial cells, in a few of which the cytoplasm 
was sprinkled with small grains and droplets of a brownish pigmented material 
As one passed down the tubules toward the pelvis one found that the epithelial 
changes became more marked and that the cells grew larger and cloudier, they 
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were less firmly attached and contained more and larger droplets of brown pig- 
ment In many of the collecting tubules the epithelial cells w'ere packed with 
pigment droplets , they were frequently necrotic and in two or three places showed 
e\idences of calcification In some of the places where the necrotic epithelium 
had become detached, the tube rvas lined with a new layer of flat and apparently 
regenerating cells The lumina of the cortical tubules contained nothing except 
occasionally a finely granular, pale, eosin-staining material and a few leukocytes 
Following the tubules downward, one found their lumina filled with increasing 
amounts of debris, disintegrated leukocytes, desquamated epithelial cells and 
large phagocytic cells filled with yellowish-browm pigment In addition to these 
there w'ere, in increasing numbers, large and small globules of a conspicuous 
and peculiar material w r hich requires more detailed consideration In the 



Fig 5 (case 3) — Photomicrograph of the kidney, showing two tubules, the 
epithelial cells of which contain the brownish, pigmented droplets described m 
the text The section was stained lightly in order to make the droplets stand ou f 
as sharply as possible , X 580 

proximal levels of the tubules these peculiar droplets had almost the same stain- 
ing characteristics as the erythrocytes of the adjacent capillaries, though they 
stained more deeply with eosin and less brilliantly with fuchsin That they 
were not erythrocytes became apparent from a study of their contour and from 
their great variations in size Passing further dowm the tubules one found that 
these droplets became less and less eosinophilic, and less and less fuchsinophihc 
In the large collecting tubules they had in unstained preparations a rusty browm 
color When stained with a fuchsin-methyl green technic (Altmann’s aniline 
fuchsin and methyl green) they had a muddv, greenish-brown hue in which there 
was occasionally the faintest tinge of pink The pigmented droplets within the 
epithelial cells, to w'hich attention has been called, had similar staining 
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characteristics Various iron stains showed a few scattered granules in the 
epithelial cells which gave the characteristic iron color reactions (hemosiderin 
granules of pernicious anemia similar to those found m the liver) , the peculiar 
pigmented droplets, on the other hand, both in the epithelial cells and within the 
lumina of the tubules, failed to take on the faintest trace of prussian blue 

Sumvtai y — A patient with pernicious anemia was given a transfusion of 350 cc 
of blood that was thought to be compatible There was an immediate reaction 
with chill, fever, vomiting and suppression of urine The acute symptoms sub- 
sided, but vomiting and oliguria continued On the seventh day after transfusion, 
uremic manifestations were evident On the eleventh day, nitrogen retention, 
acidosis and marked albuminuria were observed, and the patient died in a state of 
coma At autopsy, the liver was large, contained considerable fat and fresh and 
healed central necroses The kidneys were swollen, edematous and infiltrated 
with leukocytes The renal epithelial cells showed a peculiar type of degenerative 
change in which the intracellular deposition of pigmented droplets was a con- 
spicuous feature Many of the epithelial cells were necrotic and there was a 
suggestion of epithelial regeneration The tubules, especially the collecting tubules, 
contained large amounts of a similar pigmented material and m addition 
desquamated epithelial cells, leukocytes and granular debris 

Casl 4 (Goormaghtigh °) — A man, aged 23, was given a transfusion four 
hours after being shot through the left axillary vein The immediate response 
was excellent, but oliguria followed On the third daj, after an apparently normal 
course, agitation and vomiting set in Death occurred on the sixth day with 
anuria and a manifest hypertension 

At autopsy, the liver showed degenerative changes m the central portion of 
the lobules The kidneys were large and microscopic changes vveie confined to 
the tubules , the proximal corn oluted tubules were dilated with a flattening of the 
epithelium, there was desquamation of the epithelium of the distal convoluted 
tubules, the collecting tubules were packed with debris 

Cvse 5 (Bancroft 6 7 ) — A woman, aged 49, had an incomplete abortion with 
hemorrhage and secondary anemia During transfusion she complained of pain 
in the lumbar region Immediately after the transfusion, a chill and fever were 
followed by urinary suppresion The oliguria continued and vomiting was 
persistent The blood urea rose and the patient became edematous and irrational 
On the eighth daj there were “spastic contractions” of both hands resembling 
tetany On the ninth day, the condition seemed desperate, and decapsulation of 
both kidneys was performed Following the operation there was marked diuresis 
with gradual recovery At operation the kidneys appeared “almost necrotic,” 
they were large, grayish and friable 

Case 6 (Oliensis 8 ) — A woman, aged 23, had chronic sinusitis, epistaxis, and 
secondary anemia Transfusion was followed by a severe immediate reaction, 
with shock, a chill, fever and vomiting, soon jaundice developed with urmarv 
suppression Following this there was continued oliguria and vomiting, nitrogen 
retention, anasarca, stupor, dimness of vision and delirium Improvement was 
associated with diuresis that began on about the twelfth day Recoverv was 
gradual 

6 Goormaghtigh, N Note sur un cas de bloquage du rein consecutii a la 
transfusion du sang, Arch med beiges 72 611 (Dec) 1918 

7 Bancroft, F W Anuria following Transfusion Effect of Decapsulation 
of Both Kidneys, Ann Surg 81 733 (April) 1925 

8 Oliensis, A E Acute Nephritis follow ins Transfusion M T & Rec 
128 178 (Aug 15) 1928 
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Cvse 7 (Shera 9 ) — A woman, aged 36, had a ruptured ectopic pregnanc\ 
Following transfusion there w r as a mild immediate reaction with a slight fever 
On the second day, hemoglobinuria and jaundice developed with urinary 
suppression The oliguria continued, but for several days the general condition 
seemed good Nitrogen retention w r as noted on the fourth day, and on the seventh 
day, signs of uremia appeared A period of drowsiness and irritability was 
followed by sudden death on the ninth day 

At autopsy, the liver was found to be of the “nutmeg” t>pe with “paren 
chymatous degeneration ” The spleen w r as engorged The kidneys w'ere large 
and pale, the tubules were filled with red blood cells and debris and the tubular 
epithelium w r as flattened 

Case 8 (Lemke 10 ) — A woman, aged 32, had a ruptured ectopic pregnancy 
There w r as general improvement immediately after the transfusion but soon fever 
set in From the day of the transfusion there w r as persistent vomiting, urinary 
suppression and epistaxis The patient grew progressively worse, exhibited signs 
of uremia and died six days after the transfusion 

A.t autopsy, punctiform hemorrhages w r ere found m the pleura and mucous 
membrane of the bladder The liver showed numerous necroses located for the 
most part m the central portion of the lobules The kidneys were pale, 
occasional glomeruli seemed swmllen, the tubules were filled with cellular debris 
and finely granular or amorphous material giving the color reactions of hemo- 
globin, many collecting tubules were plugged with this material The capillaries 
of the medulla were distended with blood, accumulations of small round cells 
were observed here and there between the tubules 

Case 9 (Santy 11 ) — A woman, aged 30, had a ruptured ectopic pregnancy 
The immediate results of a transfusion seemed favorable, but on the second day 
urinary suppression and hemoglobinuria w'ere noted The oliguria persisted and 
on the eighth day, following the development of pulmonary edema, the patient 
died There w>as anuria during the forty-eight hours before her death 

Case 10 (Boidin, Berthaux and Beyrand 12 ) — A young woman had prolonged 
typhoid fe\er with progressive anemia There was a violent immediate reaction 
following transfusion, with a chill, collapse, fever and vomiting, followed by 
urinary suppression and “red urine ” The oliguria continued and vomiting 
increased on the fifth day On the sixth day, following generalized convulsions 
the patient became comatose , the coma lasted for four days As consciousness 
was regained there was diuresis The patient gradually returned to normal 
C \se 11 (Baker and Dodds 13 ) — A woman, aged 38, had a gastric ulcer 
She w'as gnen a transfusion during the operative anesthesia An immediate 

9 Shera, G Fatal Suppression of Urine Caused by Latent Haemagglutimns, 
Brit M J 1 754 (May 5) 1928 

10 Lemke, R Pathologisch-anatomische Befunde bei Todesfallen nach 
Bluttransfusionen, Virchows Arch f path Anat 257 415, 1925 

11 Santy, M P Nephrite aigue mortelle consecutive a une transfusion, Lvon 
clur 23 608, 1926 

12 Boidm, Berthaux and Beyrand Petite transfusion de 40 centimetres cubes 
de sang citrate dans un cas de septicemie post-typhoidique Choc dramatique et 
accidents tardifs extremement graves, Bull et mem Soc med d hop de Paris 
43 869, 1919 

13 Baker, S L , and Dodds, E C Obstruction of the Renal Tubules during 
the Fxcretion of Haemoglobin, Brit J Exper Path 6 247 (Oct ) 1925 
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reaction was not noted, but the temperature rose after the operation Following 
the development ot hemoglobinuria, jaundice and urinary suppression, the patient’s 
condition grew rapidly w'orse, coma set in and she died on the fourth day with 
marked nitrogen retention 

At autopsy the kidneys were pale, there w r as marked dilatation of Bowman’s 
capsules and convoluted tubules with flattening of the epithelium of the latter 
Small masses and granules of eosm-staimng material w>ere arranged loosely in 
the convoluted tubules but w f ere tightly packed in the collecting tubules 

Case 12 (Baker and Dodds 13 ) — A woman, aged 54, had jaundice and 
cholelithiasis There w r as an immediate transfusion reaction with collapse and 
fever followed by hemoglobinuria, urinary suppression, increasing nitrogen reten- 
tion, coma and death on the eighteenth day 

At autopsy, nodular cirrhosis of the liver w f as noted A large stone w r as 
found m the common bile duct The kidneys w r ere dark brown , the glomeruli and 
the convoluted tubules were normal , the collecting tubules w’ere filled with poly- 
morphonuclear and mononuclear cells and much eosm-stammg, granular debris 
Case 13 (Curtis 34 ) — A young woman had myoma uteri with hemorrhage 
and secondary anemia There was an immediate transfusion reaction with pain 
in the back and chill, followed by hematuria, urinary suppression and nitrogen 
retention When last obser\ed, tw»o w f eeks after the transfusion, the patient w r as 
gradually recovering 

Cvse 14 (Copher 1S ) — The age and sex of this patient were not stated 
Secondary hemorrhage developed following a nasal operation There was no 
immediate transfusion reaction, but shortly afterward persistent vomiting began 
and there was suppression of the urine On the second day, hemoglobinuria 
de\ eloped, foflowed by jaundice and enlargement of the liver Hemorrhagic 
retinitis developed and the patient died eleven days after the transfusion 

C'vse 15 (Witts 1G ) — A woman, aged 29, had secondary anemia following 
pregnancy During the transfusion she complained only of a headache A few 
hours later there was vomiting and elevation in temperature There was complete 
suppression of the urine until the sixth day, when the blood urea w r as 333 mg 
per hundred cubic centimeters Throughout this period “her color and appearance 
were good and her mentality clear ” On the ninth day, hypertension and tetany 
developed On the tenth day, the output of urine increased somewdiat and the 
“condition of the patient seemed fair ” At this time the blood urea w r as 354 mg 
per hundred cubic centimeters and the plasma bicarbonate w r as 33 6 per cent by 
volume Death came suddenly on the eleventh day 

At autopsy, anasarca with bilateral hydrothorax and ascites w r as discovered 
The kidneys w'ere swollen and pale and showed a few' petechiae The glomeruli 
w T ere large and anemic The convoluted tubules contained albuminous material 
The junctional tubules contained deeply eosinophilic granules or small spheres 
“Numerous collecting and junctional tubules” and “most of the discharg- 
ing tubules ’ w 7 ere filled with granules, lumps and masses of an “isotropic 
substance of the color of brown sugar” , m addition there w r ere leukocytes and 

14 Curtis, A H Anuria following Blood Transfusion, Surg Gvnec Obst 
30 627, 1920 

15 Copher, G H Blood Transfusion A Study of Tw r o Hundred and Forty- 
five Cases, Arch Surg 7 125 (July ) 1923 

16 Witts, L J Note on Blood Transfusion with an Account of a Fatal 
Reaction Lancet 1 1297 (June 22) 1929 
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desquamated epithelial cells The cytoplasm of the desquamated cells was “finely 
granular and of the same color as the granules and lumps” The interstitial 
tissue was edematous and infiltrated with round cells The change m the kidneys 
was spoken of as “hemoglobin infarction ” The liver was not described 

Case 16 (Lindau 5 ) — A man, aged 35, had a history of duodenal ulcer He 
was given a transfusion because of a gastric hemorrhage following resection of 
the stomach It was thought from the agglutination tests before the transfusion 
that the donor and the recipient both belonged to group IV (Moss) Subsequent 
to the transfusion, careful studies of the blood were carried out by Forssman and 
Fogelgren 17 It was found that the recipient belonged to group IV (Moss) and 
the donor to group II (Moss) After 75 cc of blood had been injected, the patient 
became pale and pulseless and lost consciousness Because of this reaction the 
transfusion was stopped temporarilv, but was soon resumed and a total of 450 cc 
of blood injected One hour later, there was a chill followed by fever and 
hemoglobinuria During the next three days only from 20 to 50 cc of urine W'as 
passed The blood nonprotein nitrogen increased gradually and on the day of 
the patient’s death it reached 234 mg per hundred cubic centimeters Death 
occurred during uremia on the sixth day after the transfusion 

At autopsy, there was no icterus, cutaneous hemorrhage or edema The liver 
was of normal size, there was no gross abnormality, microscopically, a number 
of central and irregularly arranged necroses were found The kidneys were 
slightlv enlarged There was the “nephrotic type” of degenerative changes in the 
epithelial cells of the renal tubules There were masses of hemoglobin in the 
lumma of the collecting tubules , these were rose colored in the proximal levels 
and yellowish brown in the distal levels The interstitial cellular infiltration 
of the kidneys was of such a character as to suggest foci of blood formation 
A large ulcerated area was seen in the sigmoid portion of the colon There were 
hemorrhages in the mucosa of the urinary bladder Sero-sanguineous fluid was 
observed in the pleural and the peritoneal cavities 

Casf 17 (Lindau 5 ) — A woman, aged 28, had cholecystitis There was 
hematemesis following cholecystectomy The patient was somewdiat restless during 
the early part of the transfusion but she soon became quiet One hour after the 
transfusion, a chill was followed by fever and hemoglobinuria From this point 
on, there w'as oliguria On the sixth day, the blood nonprotein nitrogen reached 
150 mg per hundred cubic centimeters The patient became stuporous, vomited 
a great deal and finally died m uremia on the tenth day 

At autopsy, there was a bilateral bronchopneumonia The kidneys were some- 
what swollen, and in microscopic studies they showed essentially the same changes 
described in case 16 The degeneration of the epithelial cells of the renal tubules 
was more advanced, there was epithelial desquamation and regeneration The 
liver was not studied 1S 


17 Forssman, J , and Fogelgren, G Em Todesfall nach Bluttransfusion von 
Person zu Person mit “gleicher” Blutgruppe, Klin Wchnschr 6 1663 (Aug 27) 
1927 

18 Lindau’s case 3 (footnote 5) has not been included in + his series The 
patient was an old man very ill with hypernephroma, who died thirty-six hours 
after the transfusion The clinical data are incomplete, but the autopsy observations 
are of great interest The tubular epithelial cells of the kidnevs showed earlv 
degenerative changes Hemoglobin was found in the lumma of the loops of 
Henle, but practically none was piesent in the collecting tubules The liver showed 
tresh foci of necrosis 
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Additional Cases —In addition to the foregoing cases, which ha\e been 
summarized m table 1, brief mention should be made of several other reported 
cases in which the posttransfusion course was of the same character Hirsch, 10 
in a discussion of blood transfusion, mentioned a young woman who was gnen 
blood without previous grouping or cross-agglutination tests Soon after the 
transfusion there was a chill, then jaundice and oliguria, and finally uremia, with 
death on the ninth day Pribram 20 observed the same type of reaction, with 
oliguria and an extreme grade of nitrogen retention Death occurred three or 
four days after the transfusion, at autopsy, masses of hemoglobin were found 
in the tubuli recti of the kidneys, completely occluding some of them Enderlem 21 
observed a person in whom transfusion was followed by anuria which continued 
until the patient’s death three days later 

In a series of 4,000 transfusions Brines 22 had three cases in which this same 
peculiar reaction occurred “The reactions were typical, consisting of a chill, an 
elevation in temperature, lumbar and abdominal pain, some dyspnoea and either 
oliguria or anuria The blood urea became elevated, symptoms of uraemia were 
apparent, coma followed, and death intervened in from four to eight days ” 
Brines said that “in all of these patients a previously well established diagnosis 
of chronic nephritis had been made ” He mentioned no autopsy observations, and 
one is led to wonder just how much the chronic nephritis had to do with this 
“typical” reaction 

Lemhe, 10 in addition to the case cited (case 8), reported one in which the patient 
showed a delayed reaction of a slightly different type A transfusion with 1,000 
cc of blood that may have been incompatible was followed by a chill and fever 
The temperature did not fall to normal , the patient became restless, then stuporous, 
and died on the tenth day Throughout this time the urine was normal, and 
contained no trace of hemoglobin (the quantity of urinary excretion was not 
specifically mentioned) At autopsy, there were numerous hemorrhages through- 
out the mucous and serous surfaces The liver showed necroses similar to those 
described in Lemke’s first case (case 8) Aside from arteriosclerosis, the kidneys 
showed nothing of significance 

Butka 23 and Herrmann 24 reported cases m which delayed transfusion reactions 
were characterized by purpura with extensive hemorrhagic eruptions and bleeding 
from the mucous surfaces One patient died six days, and the other three weeks, 
after the injection of the blood In neither of these cases w T as urinary suppression 
specifically mentioned 

Grossmann 25 recorded the case of a woman, 24 years of age, who had a large 
intra-abdominal hemorrhage as the result of a ruptured fallopian tube She was 
given a transfusion of 500 cc of the bloody fluid obtained from the abdominal 
cavity Shortly after the transfusion, hemoglobinuria was noted This was fol- 
lowed by persistent oliguria and the patient died in uremic coma six days latei 

19 Hirsch, M Wien med Wchnschr 74 1722, 1924 

20 Pribram, E Arch f khn Chir 133 77, 1924 

21 Enderlem, quoted by Lemke (footnote 10) 

22 Brines, O A Fatal Post-Transfusion Reactions, JAMA 94 1114 
(April 12) 1930 

23 Butka, H E Transfusion with Unnersal Donor A Fatality, California 
& West Med 24 74 (Jan ) 1926 

24 Herrmann H Hamorrhagische Diathese nach Bluttransfusion, Med Klin 
19 722 (May 27) 1923 

25 Grossmann, H Eigenbluttrans fusion mit todhehem Ausgang, Zentralbl 
f Gjnak 48 2065 (Sept 20) 1924 
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SUMMARY Or CLINIC \L D S.TA 

The Patient — The senes is made up of sei enteen patients, most of 
them relatively young adults Anemia of some kind was piesent m all 
of them, but the cause of the anemia, its sevent) and the genet al con- 
dition of the patient at the time of transfusion seem to ha\e had little 
influence on the occurrence of a reaction 01 its ultimate outcome 
Reactions occurred so frequently in young persons who had been Yell 
until the onset of a sudden and severe hemorrhage that it would seem 
leasonable to exclude chronic illnesses, such as nephritis, heait disease, 
etc , from an important role in the causation of the response 

The Donoi — In not a single case is there complete and satisfying 
evidence to prove that the blood of the donor was compatible with that 
of the recipient Definite incompatibility was establuhed m six cases In 
two otheis (cases 4 and 9) there was probable incompatibility since tians- 
fusion was performed as an emergency measure without previous tests 
The patient m case 2 seems to have presented an example of a queer 
change m blood group and was probably given incompatible blood In 
case 8, cioss-agglutmation was not tested In cases 3, 5, 10, 13 and 
17, the statement is made that there was no cross-agglutination, but m 
none of these was the blood group of the donoi determined, in onl} 
one was the recipient’s group known In case 6, the recipient and donor 
weie of the same blood group (group not stated) and there was no 
cioss-agglutmation In case 15, the recipient and donoi were both of 
group II and there was no cross-agglutmation In none of the seven 
cases m which cross-agglutmation was found satisfactory was theie a 
retest of the agglutination leactions after transfusion, and the latter 
step, according to our experience in case 1 and Lindau's experience m 
case 16, would seem to be of considerable importance 

The Transfusion — The methods used m pieparing and injecting the 
blood seem to have been of little importance , citrate was used m about 
half of the cases On the other hand, the amount of blood injected was 
a significant factor m determining the final outcome A definite state- 
ment of the amount tiansfused was made m fifteen of the se\ enteen 
cases, ten of these patients died and five recovered In the five who 
lecoveied, the average amount injected was 314 cc , whei eas the ten who 
died received an average amount of 564 cc No patient receiving less 
than 350 cc died, and no one recenmg more than 540 cc recoiered 
The patient who suivived after a transfusion of 540 cc ran the most 
severe course of the leemered patients and until the twelfth day seemed 
on the verge of death 

Immediate Reaction — A se^eie immediate transfusion reaction 
occuued in all but seven of the cases Two of these seren weie under 
anesthesia during the injection of the blood and in them it is difficult 
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to attach much importance to the absence of this xeaction In at least 
six of the ten cases m which immediate reactions occuned, symptoms 
were hist noted during the injection of blood, and in three of these 
the S)mptoms weie of such seventy that the injection was cut shoit 
Detailed description of a fanly typical immediate reaction is presented 
m the history in case 1 The manifestations vary somewhat fiom case 
to case, but as a rule the characteristic features are a sense of gieat 
discomfort, signs of collapse, vomiting, chill and a sharp rise m tem- 
peiatuie The moie acute symptoms rarely last moie than a few hours, 
and as they subside hemoglobinuria is geneially noted, it was observed 
m ten of the fifteen cases m which it was specifically looked for and 
it is possible that it was piesent in an eleventh instance in which the 
urme was described as “red ” The first urine voided after the trans- 
fusion practically always contained albumin Dating from the imme- 
diate reaction, theie was suppiession of urine m every one of the 
seventeen cases 

The Intel veil — In all instances, with the subsidence of the immediate 
reaction the patients seemed to improve This interval of impiovement 
lasted fiom a day or two to about a week, during which the patients 
were brighter and appeared to have derived distinct benefit from the 
transfusion In six cases there was jaundice of a mild grade which 
disappeared aftei a day 01 so Theie was no tendency foi the hemo- 
globin and led blood corpuscles to decline, generally they showed an 
elevation over the pietiansfusion level Leukocytosis was noted m 
seveial cases During the interval of improvement, the outstanding 
untovvaid featuie was continued oliguna which, m a numbei of cases, 
was associated with persistent nausea and vomiting 

Tin : Delayed Reaction — This was generally ushered in by symptoms 
of the central nervous system, of winch agitation 01 drowsiness were 
the commonest The s) mptoms began from a day or two to a week after 
the transfusion and progressed to a peak which was leached from the 
eighth to the twelfth day m the patients who lecovered and from the 
fourth to the eighteenth day m the fatal cases The outstanding obseiva- 
tions were those usually associated with seveie impaiiment of lenal func- 
tion, and belong to the syndiome commonly called uremia In all cases 
m which the chemistry of the blood was studied theie was consideiable 
letention of nonprotem nitrogen and m one case, the caibon dioxide 
combining power of the plasma fell to 18 7 per cent by volume The 
phthalem excietion in the two cases m which it was studied was markedly 
reduced Edema was noted in fiv e cases and was exti erne in case 6 The 
blood pressure was definitely mci eased m cases 1, 4 and 15, but in several 
other cases in which it was followed there was no significant rise Con- 
vulsions were observed m four cases and coma was noted m five cases 
It is interesting that two of the five patients who became comatose 
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recoveied In tlnee cases, theie weie definite purpuric phenomena at 
the peak of the leaction, and in a fourth case, frequent epistaxes weie 
noted In case 1, the purpuia was associated with a fall m the platelet 
count 

The Outcome — Six patients recoveied and eleven died In the 
patients who lecoveied, the peak of the leaction was leached from the 
eighth to twelfth day In the fatal cases death occurred between the 
fouith and eighteenth day, with ten days as the average duiation of life 
aftei tiansfusion All eleven deaths occuired with uremic manifestations 
Recoveiy was associated with considerable diuresis beginning at the peak 
of the leaction Only m case 5 did recoveiy seem to result from any 
ladical f oi m of tieatment, m this instance, decapsulation of the kidneys 
was perfoimed In seveial other cases, spontaneous recoveiy was as 
dramatic as the result in case 5 We cannot be sure that the decapsula- 
tion of the kidneys was lesponsible foi the happy outcome 

SUMMARY Or AUTOPSY MATERIAL 

Though nine of the seventeen cases (cases 3, 4, 7, 8, 11, 12, 15, 16 
and 17) went to autopsy, the notes on the pathologic matenal of many 
of them are so brief that it is impossible to form any accurate judgment 
of the appeal ance of the various tissues An attempt at tabulating such 
incomplete data might lead to erioneous conclusions The abnormalities 
most frequently noted concern the liver and kidneys 

The liver of our patient showed cential necioses, these weie also 
piesent m cases 4, 8 and 16 and piobably in case 7 The liver was 
not commented on m cases 11, 15 and 17, m case 12, there was a pre- 
existing nodular cnrhosis 

The changes m the kidneys weie discussed at some length by all 
who lepoited on autopsies Aside fiom the intei stitial cellular 
infiltration, which was noted in six cases, and the dilatation of the 
glomerular capsules, which was noted in five, the sti iking abnormality 
seems to have occuired always in the tubules Dilatation of the con- 
Aoluted tubules was commented on in five cases and degenerative changes 
of some sort in the tubular epithelium w^eie noted in every case In 
all except case 4, the lumina of the tubules seem to have been filled with 
a pecuhai matenal which was ahvays scarce at the more proximal levels, 
but which was conspicuously abundant m the collecting tubules In case 
8, this substance was lefened to as “masses” of hemoglobin, in case 
11, as masses of biowmsh pigmented material, in cases 7 and 12, as 
masses and granules of eosm-stammg matenal, in case 15, as masses, 
lumps and granules of an “isotropic substance of the color of brown 
sugar,” and m cases 16 and 17 as yellowish-brown material The most 
unusual feature of our case seems to have been the extreme degrde of 
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epithelial neciosis In none of the other cases was calcification noted, 
and in only one (case 17) was epithelial legeneration noted Attention 
was not directed to the occurrence m the intact epithelial cells of dioplets 
similar to the pigmented material found free m the tubulai lunnna 
Yorke 26 gave an excellent description of exactly similai droplets in the 
lenal epithelial cells (a) of dogs that died dui mg the passage of hemo- 
globin resulting from infection with Pn o plasma cams and ( b ) of rab- 
bits four hours after the intravenous injection of hemoglobin Yoike 
said of these droplets that there was “but little doubt that they are 
derived, m part, at least, fiom hemoglobin ” 

On the basis of our own observations at autopsy (case 3), which 
seem to agree in general with the observations of otheis, we feel justified 
in saying that the renal disease is of an unusual type It is characterized 
chiefly by edema and cellular mfiltiation of the interstitial tissue, dilata- 
tion of the mtracapsular spaces of the glomeruli, dilatation of the 
convoluted tubules, advanced necrotic changes in the tubular epithelium, 
especially that of the collecting tubules, with deposition of pigmented 
droplets m many of the cells and finally, the appearance in the tubulai 
lunnna of leukocytes, laige phagocytic wandering cells, desquamated 
epithelium and peculiar pigmented globules of vanous sizes Studies 
of the droplets m the epithelial cells and of the laigei pigmented masses 
m the lunnna of the tubules invite the suggestion that they aie hemo- 
globin products of some soit The droplets seen near the glomerular 
extremity of the tubule possess the staining characteristics of the hemo- 
globin that is contained in adjacent ervthiocytes, but those v Inch occui 
fuither down toward the renal pelvis have lost their eosinophilic and 
fuchsmophihc qualities and show increasing amounts of biownish pig- 
mentation Except for the occui rence of this pigment, the changes in 
the kidney aie much like those found after poisoning with mei curie 
chlonde Hemorrhages into the mucous membianes were noted in foui 
cases 

COMMENT 

From personal study of the complete lecoids of thiee cases and fiom 
the available information concerning fourteen otheis leported m the 
hteiature, we are led to believe that the chai acteristic delayed leaction 
following transfusion descubed here is dependent on the injection of 
incompatible blood 2| Fuitheimoie it would seem that most of the signs 

26 Yorke, W The Passage of Haemoglobin through the Kulnevs Ann Trop 
Med 5 401, 1911 

27 It is important to note that Ottenberg and Johnson (Hitherto Undescribed 
Anomaly m Blood Groups, J Immunol 12 35, 1926) found that the incompatible 
trpe of reaction mav occur eren when the donor and recipient are of the same 
blood group 
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and s)mptoms by which the reaction may be recognized develop iiom the 
seveie functional damage that the injected blood inflicts on the kidne}S 
That there is an adequate anatomic basis for this functional derangement 
is cleaily shown m autopsy material fiom cases in which the leaction 
resulted fatally When the descnptions are sufficiently detailed to peimit 
analysis, one is struck by the similarity of the lenal lesions in all cases 
The kidneys aie swollen, there aie degenerative changes in the tubulai 
epithelium and the tubules are filled with blood cells, desquamated 
epithelium, blood pigment and debris 

The obseived facts seem simple enough A peison receives incom- 
patible blood, as a result of which the kidneys aie seveiely damaged and 
m due course of tune uienna sets m When we attempt to explain the 
mechanism by which the incompatible blood damages the kidneys, we 
find difficulty in arriving at a satisfactoiy conclusion Four possible 
explanations are 1 By mechanical blockage of their tubules, the kid- 
neys have been rendeied functionless as excretory oigans 2 The 
kidneys are sensitive to ceitam bodies contained m the injected blood 
and the functional decline results from a local reaction which is of the 
nature of an anaphylactic shock 3 The immediate tiansfusion leaction 
brings about a metabolic disturbance that afiects lenal function 4 By 
the action of toxic substances set free in the blood at the time of trans- 
fusion, the functioning renal tissue is so severely damaged that it is 
unable to perform its duties Each of these possibilities will be guen 
brief consideiation 

The conception that lenal insufficiency followung transfusion ma\ 
be explained by mechanical blockage of the tubules dates back at least as 
far as Ponfik 3 wdio was among the fiist to observe blood pigment casts 
m the kidneys of dogs that had been given tiansf usions with incom- 
patible blood Those wdio support this view point to the fact that the 
urinary suppression dates from the outpouring of large quantities of 
hemoglobin m the mine Thus far, how r ever there is no convincing 
proof of the fact that the casts found m the renal tubules dining hemo- 
globinuria are responsible for the decline in urinary output Nor indeed, 
is there sufficient evidence to say that hemoglobmuna pei se alteis in 
any way the function of the human kidney It is appaientlv tiue that 
hemoglobinuria m rabbits (Levy, 4 Yorke and Nauss, 28 Bakei and 
Dodds 13 and others) may produce renal insufficiency with anatomic 
changes much like those descubed m human bemgs Bayhss, 29 however, 
wdio studied the subject in other animals obseived that miections of 

28 Yorke, W , and Nauss, R W The Mechanism of the Production of 
Suppression of Urine m Blackuater Fever, Ann Trop Med 5 287 1911 

29 Bayhss, W M Is Hiemolvsed Blood Toxic ? Brit J Exper Path 1 1 
(Feb ) 1920 
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hemolyzed blood aie “innocuous to the cat and dog” What is moic 
significant, Sellards and Minot 30 injected sufficient quantities of hemo- 
globin into human beings to pioduce maiked hemoglobinuria without 
appreciably affecting renal efficiency It is noteworthy that in the latter 
experiments it seemed to make no difference whether the hemoglobin 
was denved from blood of the same or of an incompatible gioup 
Dr A R Rich , 31 who conducted similar investigations on human beings 
m the Johns Hopkins Hospital, arrived at the same conclusion that the 
injection of hemoglobin m sufficient amounts to produce marked hemo- 
globinuria is a harmless procedure Considering the matter from 
another point of view, it is significant that in several of the cases in 
which urinary suppression followed transfusion, hemoglobinuria was 
not noted There is theiefoie no substantial leason fov tegarding 
the hemoglobinuria and the blood pigment casts as the direct cause of the 
renal insufficiency Despite this, the histologic observations m the 
kidneys, previously described, make the theory still somewhat attractive 

The second possibility, that the kidneys are sensitive to a substance 
contained m the incompatible blood and that the renal insufficiency 
results from a reaction of the nature of an anaphylactic shock, finds its 
chief support in the associated clinical phenomena , the urinary 
suppression dates from a generalized reaction lesemblmg anaphylactic 
shock The fact that anaphylactic shock m the spontaneously hyper- 
sensitive person may be associated with a temporary but severe giade 
of lenal insufficiency has been pointed out by Longcope and Racke- 
mann 32 After three days on a diet containing considerable beef, one 
of their patients who was markedly sensitive to beef serum suddenly 
had an attack of urticaria Studies of renal function before, during and 
alter the attack showed that during the attack theie was marked 
albummuna and cylindruria with retention of water, chlorides and 
mtiogen and a piecipitate fall in phthalem excretion It is conceivable 
that this reaction could occur m a person who is hypersensitive to the 
substances contained in incompatible blood 33 

In discussing the thud possibility, that the immediate transfusion 
leaction brings about a metabolic disturbance which affects renal func- 
tion, v e wish to consider particulaily the salt metabolism It is a well 

30 Sellards A W and Minot, G R Injection of Haemoglobin in Man and 
Its Relation to Blood Destruction, with especial Reference to the Anaemias, J M 
Research 34 469 1916 

31 Rich, A R Personal communication to the author 

02 Longcope, W T , and Rackemann, F M Severe Renal Insufficiency 
Associated with Attacks of Urticaria in Hypersensitive Individuals, J Urol 
1 351 (Aug) 1917 

03 A more comprehensive discussion of this problem will be found in Lindau’s 
article (footnote 5) 



BORDLEY— BLOOD TRANSFUSION REACTIONS 313 

lecogruzed fact that loss of chlondes as a result of persistent a omitmg 
may be considerable Associated with this loss of chlondes theie is 
at times a remarkable mtiogen retention with clinical phenomena simu- 
lating the uienua of piogiessive renal disease Bennett 34 has considered 
such conditions under the heading “Renal Disease of Gastric Ongm ” 
Whether there is actually a specific renal lesion accompan}ing the fall 
m chlondes is still an unsettled point Brown, Eusterman, Hartman 
and Rowntree , 35 and Zeman, Friedman and Mann 30 descnbed a severe 
grade of tubular nephntis m cases of pyloric obstiuction m which per- 
sistent vomiting was followed by nitrogen retention and uienua Blum 
and his associates m a great numbei of publications have lecently con- 
tributed much to an understanding of this condition which they term 
‘Tazotemie par manque de sel ” They feel that the azotemia is not 
due primarily to a lenal lesion, but that it is a compensatory mechanism 
resulting from loss of chlorides 37 They descnbe the occuuence of^tlus 
hypochloienuc azotemia m a vanety of conditions (a) vomiting due to 
pyloric obstruction, (b) vomiting of unexplained ongm , S8 (c) pro- 
longed dial rhea , o0 (d) diabetic acidosis 40 and (e) nephntis with 
vomiting and lestnction of the salt intake 41 In going ovei oui cases of 
transfusion, discussion arose as to whether we might be dealing with 
an azotenue par manque de sel This was suggested by the facts that the 
nitrogen retention almost always followed a period of persistent vomit- 
ing, and that tetany — possibly gastric tentany — was descnbed in two of 
the cases It seems possible that loss of salt contributed to the 
symptomatology of some of the cases, but that it was not the most 
important factor seems cleai to us fiom the following facts (a) The 
edema that was present m a fair proportion of cases, and was extieme 

34 Bennett, T I Goulstoman Lectures on Some Problems of Nephritis 
(Lecture I), Lancet 1 535 (March 17) 1928 

35 Brown, G E , Eusterman, G B , Hartman, H R , and Rowntree, L G 
Toxic Nephritis in Pyloric and Duodenal Obstruction Renal Insufficienc\ 
Complicating- Gastric Tetany, Arch Int Med 32 425 (Sept) 1923 

36 Zeman, F D , Friedman, W , and Mann, L T Kidney Changes m Pyloric 
Obstruction, Proc New York Path Soc 24 41, 1924 

37 Blum, L , Grabar, P , and van Caulaert, C L’azotemie par manque de sel 
Son mecanisme, Ann de med 25 34 (Jan ) 1929 

38 Blum, L , Grabar, P , and van Caulaert, C Phenomenes d’lu po- 
chloruration apparaissant chez un uremique traite par le regime sans sel, Bull et 
mem Soc med d hop de Paris 53 251 (Feb 25) 1929 

39 Blum, L , and Weil, J Entente aigue avec etat comateux et forte 
azotenue, Bull et mem Soc med d hop de Paris 52 1620 (Dec 6) 1928 

40 Blum, L , Grabar, P , and van Caulaert, C L’azotemie par manque de sel 
dans le diabete grave, Ann de med 25 23 (Jan ) 1929 

41 Blum, L , van Caulaert, C , and Grabar, P Les difterents t\ pes de 
nephrites avec azotenue Leur diagnostic difterentiel, Presse med 37 90 (Jan 19) 
1929 
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m sereral, is not a feature of the hypochloremic azotemia ( b ) In case 
2, the only case m which the blood chlorides were adequately followed, 
there uas no hypochloi emia The following tabulation shows the 
blood nonpiotem nitrogen and blood chlorides (chloride as sodium 
chloride m the whole blood filtrate) m milligrams per hundred cubic 
centimeters in case 2 



Feb 2 

Feb 3 

Feb 7 

Feb 9 

Feb 13 

Sodium chloride 

532 

532 

548 

564 

577 

Nonprotein nitrogen 

147 8 

150 

60 3 

46 2 

32 4 


The fourth possibility, that the anatomic and functional renal 
changes aie brought about by in hating or toxic substances contained 
m the incompatible blood, is rendered plausible by the charactei of these 
renal changes The edema of the kidney, the infiltration with wandering 
cells, and the necrotic tubular epithelium suggest an acute poisoning of 
some sort Goormaghtigh/’ in describing the kidneys of his patient 
(case 4), noted that they piesented the picture of a toxic tubular 
nephritis He considered the associated liver necroses as additional 
evidence for the theory that the whole reaction is due to a toxic process 
The frequency with which liver necroses form a part of the pathologic 
pictuie is striking, and is a strong point m favoi of this theory Just 
v hat portion of the injected blood is capable of such toxic action it is 
difficult to say Levy, 4 who investigated this subject, came to the con- 
clusion that the hemoglobin was the portion of the blood which damaged 
the tubular epithelium Levy’s experiments however, were on rabbits 
and, as noted, more lecent work seems to show that hemoglobin is 
innocuous to man (In this connection it is interesting to note that 
m the descriptions of blackwater fevei [Dudgeon 42 ], one finds a picture 
similar to that of the transfusion reaction a febrile paioxysm followed 
by hemoglobinui la, urinary suppression, vomiting, jaundice and, at 
autopsy, liver necioses and renal lesions not unlike those already 
descubed As the patient recovers, the evidences of nephritis cleai up 
rapidly It is sometimes stated that the renal lesions of blackwater fever 
are due to the hemoglobinuria per se, but I can find no convincing proof 
of this Lmdau 5 commented at length on the similarity of the delayed 
transfusion reaction to blackwater fever He also called attention to 
renal lesions m human paroxysmal hemoglobinuria and in the various 
hemoglobinui las of animals ) In short, though it cannot be said 
that any particulai part of the incompatible blood is responsible, the 
changes in the kidney and liver are of such a character as to make tenable 
the conception that they are brought about by an irritating or toxic sub- 
stance set free in the blood at the time of transfusion 

42 Dudgeon, L Blackuater Fever, J Hhgiene 19 208 (Oct) 1920 
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Of course it is difficult to say \\ hetlier one or a combination of the 
foregoing possibilities accounts for the occurrence of uremia after 
transfusion The fourth suggestion might explain the observations m 
the three cases that have come under our own observation but as we hav e 
followed only three of the seventeen cases we hesitate to apply this 
explanation to the entire senes It has not been our purpose to explain 
we w ish rather to characterize w hat seems a clearly defined and probably 
not an uncommon type of reaction following transfusion 

Finally the fact should be emphasized that careful estimation of the 
daih output of urine will aid much m foretelling the ultimate outcome 
m these cases It is well to remember that after an immediate reaction 
following transfusion the occurrence of the more dramatic hemoglobin- 
uria is of far less prognostic significance than the amount of urinary 
excretion 

summary * 

1 A dela\ ed or prolonged reaction follow mg transfusion is described 
m seventeen cases Of these cases three are reported for the first time 
and fourteen hate been gathered from the literature 

2 The reaction generally runs a peculiar and highly characteristic 
course which presents the following features Ui) Immediately after 
transfusion there is a sharp febrile reaction followed frequently b\ 
hemoglobinuria and imanably by suppression of urine (b) There 
is an interval of several days during which there is symptomatic 
improvement but continued oliguria (c) After this interval the 
characteristic features of the delayed reaction develop rapidly. The} 
usually begin with agitation or drowsiness which is replaced b\ out- 
spoken evidences of uremia Convulsions and coma may supervene 

3 The outcome is frequently fatal eleven of the seventeen patients 
died Recover}' is associated with diuresis death occurs m uremia 

4 At autops} the kidneys are swollen the tubular epithelial cells 
contain droplets of a peculiar pigmented material and show advanced 
degenerative changes* the tubular lununa are filled with various cells 
blood pigment and debris Small necroses are generallv found in the 
liver 

5 The events ma} be summarized as follows A subiect receives an 
injection of incompatible blood his kidneys are severelv damaged and 
in due course of time uremia sets m Sev eral possible explanations of 
these events are discussed 

6 The dela}ed reaction is not rare beside the seventeen cases dis- 
cussed m detail a number of cases in the literature are cited 
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The epigastric distiess due to extragastric lesions ma\ so closel) 
lesemble that due to peptic ulcer that a detailed stud) is necessai) foi 
the difterentiation The piesent study is concerned with the mechanism 
of the epigastric distress associated with a spastic colon and chronic 
appendicitis The fundamental factors lesponsible foi the epigastric 
distress m these conditions are no doubt common to conditions caused by 
other exti agastric lesions Clinical observations 1 indicate that the dis- 
comfort is induced by a stimulation of the stomach In a former 
investigation 2 a reflex stimulation of the stomach fiom the colon 
appendix and gallbladder was demonstiated in the dog The intro- 
duction of a few drops of croton oil in the pioxunal colon was usuall) 
followed by an increase m tone and a striking increase m the penstaltic 
action, paiticularly of the pylouc portion of the stomach When the 
irritation was confined to the appendix or applied to the mucosa of the 
gallbladder, the same gastnc phenomenon was obseived In each 
instance the stimulating effect on the stomach was piomptly abolished 
by atropine 

These obseuations dnected oui attention to the study of the tone and 
penstaltic action of the p)louc section of the stomach m patients with a 
spastic condition of the colon and localized learning epigastric distiess 
Patients were selected in whom it was possible to induce the Apical 
epigastric distress by injecting air into the colon thiough a rectal tube 
The quantity of air was measuied and vaned fiom a few cubic centi- 
meters to 1,000 cc Ordinal fly, 500 cc oi less was effective In some 
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instances the distiess was pioduced by massaging an mitable section 
of the colon, paiticulaily the ileocecal legion We were mtei estecl m 
the legistration of the gastric activity of the pyloric portion of the 
stomach A uibber condom was selected for this purpose This was 
anchoied m the p) loi us by an Emlioin bucket which was attached to 
a piece of small uibbei tubing, extending for from 3 to 4 inches (7 62 to 
1016 cm ) below the lover end of the condom The position of the 
balloon was checked in serial instances by fluoroscopic examination 
Aftei the balloon was passed into the stomach, the patient lay on the 
light side until it was engaged m the pjlonc legion The balloon was 
then connected with the bellows lecorder, and a control lecoid of the 
gastric activity was obtained on the kymogiaph Air was then mtio- 
duced into the colon by means of a uibbei bulb through a rectal tube 
There was at once a sti iking mciease m the tone, an onset of more 
active peiistalsis and the appeal ance of the typical epigastnc distress 
4 he pam couesponded with changes m tone or the passage of a pen- 
staltic wave 

REPORT Or CASE 

The following lepoit is indicative of the tvpe of patient selected foi 
investigation and lllustiates the method of study 

Case 1 — F W, aged 45, was admitted to the medical department of the 
University Hospital in July , 1929 He complained of recurring epigastric dis- 
tress, which had been appearing at intervals over a period of ten years The 
distress was localized slightly above and to the right of the umbilicus and was 
described as a teeling of fulness or a gnawing sensation It appeared from one 
to three hours after meals and was more apt to follow the evening meal There 
was frequently nausea and vomiting during severe distress, which was followed 
by complete relief The discomfort was also relieved by belching and the passage 
of gas bv bowel The epigastric pam was often associated with distress, particu- 
larly m the right lower quadrant, and the consciousness of gas in the lower part 
of the abdomen It was noticed that the pam was more apt to be present during 
periods of constipation, which were occasionally followed by diarrhea The 
patient was more liable to have a severe attack of epigastric pam when the stools 
were scybalous The gallbladder and appendix had been removed in 1925 Appar- 
ently neithei of these structures had been significantly diseased There was 
relative freedom from the discomfort for two and one-half years following the 
operation During the months preceding admission to the hospital the distress 
was more severe and appealed at more frequent intervals There was no history 
of hematemesis or melena 

Examination revealed tenderness in the right lower quadrant The secretory 
function of the stomach was regarded as normal Roentgen examination of the 
stomach gave negative results There was a moderate spasticity of the colon 
The introduction of air into the colon was followed by discomfort m the right 
lower quadrant and the appearance of typical epigastric distress 

A balloon was passed into the stomach and allowed to engage m the pyloric 
portion It was then connected with a kymograph, and after a control record 
was obtained, air was introduced into the colon Immediately following the mjec- 
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tion of the air there was a change in tone, the stomach became active and the 
patient experienced the typical epigastric distress The patient was taught to 
register the periods of distress This distress corresponded with the peristaltic 
waves It appeared during the upstroke and subsided on the downstroke Follow- 
ing the administration of atropine, there was a gradual reduction in the tone of 
the stomach, and after a few minutes the peristaltic waves ceased and the pain 
disappeared The gastric activity subsequent to the full effects of the atropine was 
similar to that during the control period 

A few days following the aforementioned experiment, a fluoroscopic examina- 
tion of the stomach was again made During the examination, air was introduced 
into the colon The patient at once experienced distress It was localized over 
the pylorus and occurred as a peristaltic wave passed over the pyloric ring The 
distress in each instance disappeared as the wave passed and returned with the 
subsequent wave 

Case 2 — The record in figure 1 is from another patient with a recurring 
localized distress, which occurred at from one and one-half to two hours after 
meals Relief was obtained by taking soda, by belching, by the passage of gas 
by bowel and by bowel movement This discomfort had appeared periodically for 
from four to five years and was more apt to be present during periods of con- 
stipation In the gastro-intestinal examination, a spastic colon was the only 
significant observation A rectal tube was passed, and as soon as air was intro 
duced into the colon, the typical burning sensation was felt in the epigastrium 
This distress was also induced by the massage of the ileocecal region, and the 
possibility of chronic appendicitis was considered The internal inguinal rings 
were large, and a definite bulging was noted on coughing The stretching of 
these rings by the fingers also produced the pain in the epigastrium 

In the gastric curve (fig 1) there was a striking increase in tone, and the 
stomach at once became active After the inflation of the colon the registration of 
the pain was done in the usual manner and is indicated below the gastric curie 
The pain corresponded to the increase in tone or the passage of a peristaltic wave 
In this experiment the influence of nitroglycerin was tested, and there was no 
apparent change following the first administration After the second dose, how- 
ever, there was a sharp reduction in tone and a decrease in the size of the peri- 
staltic waves, but the epigastric distress continued After a few minutes atropine 
was administered, with a subsequent reduction in tone, cessation of peristalsis and 
the disappearance of the pain 

These observations indicated marked changes in the stomach following the 
introduction of a small quantity of air into the colon This feature was checked 
by a fluoroscopic examination The position and activity of the stomach was 
carefullj observed, and then air was injected into the colon There was at once 
a striking increase in tone, and the stomach assumed a higher level and became 
active A prepyloric spasm was noted, and the typical pain was localized over 
this area This pam was intermittent and continued to be localized over the spasm, 
regardless of the change in the position of this region of the stomach 

The patient was transferred to the department of surgery for the repair of the 
hernia and removal of the appendix There was, however, no significant pathologic 
process in the appendix 

The following case is of particular mteiest because of the delayed 
lesponse to the injection of air into the colon 

Case 3 — This patient was well until five months prior to examination m 
December, 1929 He began to notice a gnawing pam in the epigastrium that 
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occurred two to three hours after meals This distress was relieved by the taking 
ot food and soda There was an occasional sensation of pressure throughout the 
entire abdomen The bowels were inclined to be constipated, and since the onset 
of the illness the stools were frequently scybalous It -was during this period that 
the distress was most frequently experienced m the epigastrium On the other 
hand, if the stools were formed and of good size, there was relative freedom from 
the pain The free acid of the gastric content was relatively low Roentgenologic 
examination of the stomach showed a prepyloric spasm, but no evidence of ulcer 

After the registration cf a control period of the gastric activity, air was intro- 
duced into the colon m quantities of 500 cc , on two occasions, without any appar- 
ent alteration in the stomach and without pain (fig 2) Within a few minutes 
the patient began to experience discomfort over the lower part of the abdomen, 
with an intense desire to move the bowels Coincidentally there was an abrupt 
increase in the tone of the stomach, the registration of tall gastric waves and the 
appearance of the typical epigastric pain Later, air was expelled, which was 
followed by relief from the lower abdominal discomfort, but the epigastric dis- 
tress continued In the meantime there was some reduction in the gastric activity 
Atropine was then administered, with a subsequent reduction in gastric tone, a 
cessation of peristalsis and the disappearance of the epigastric pain 

Later, another fluoroscopic examination of the stomach was made and air was 
introduced into the colon Coincident with the injection of the air a marked 
preprloric spasm was observed, and the typical pain was produced which was 
localized o\er the spasm 

The localized epigastric pain associated with a spastic colon could 
occasionally be induced by palpation of the ileocecal region 

The cur\ e in figure 3 illustrates this feature The registration on the line below 
the gastric curve indicates the time when the cecum was massaged It will be noted 
that there was a gradual increase in the gastric tone, and the peristaltic waves 
became more prominent This alteration in the stomach persisted for a few 
minutes after the irritation of the cecum was discontinued Immediately following 
the initial massage of the cecum a sensation of fulness was felt m the epigastrium 
Later, coincident with the large waves, the typical epigastric distress appeared 

The observations on a patient with chronic appendicitis weie almost 
similar to those pieviously recorded 

Case 4 — \ woman noUced a gnawing distress in the epigastrium in February, 
1923, about three veeks following the birth of her third child This distress was 
located slightly to the right of the midline and above the umbilicus, and usually 
occurred from two to three hours after meals It appeared at infrequent mter- 
\als, and did not cause any inconvenience until 1925, following the birth of the 
fourth child On the fourth day after delivery she had fever, diarrhea and 
generalized abdominal distress Two weeks later, on her first day out of bed, she 
had a severe attack of episgatric pain that extended to the back After a few 
minutes the pain was transmitted to the right lower quadrant Following this 
se\ ere attack the gnawing pain m the epigastrium occurred at more frequent mter- 
\als and was often associated with distress over the lower part of the abdomen, 
particular^ on the right side Plnsical examination disclosed considerable ten- 
derness in the right lower quadrant over the region of the appendix On palpa- 
tion of the region, the typical epigastric distress was induced The gastric 
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acidity was regarded as normal Roentgenologic examination of the stomach 
showed a prepjloric spasm, but no evidence of ulcer The appendix was visualized 
during the fluoroscopic examination, and was tender on palpation 

It is to be noted in the gastric curve (fig 4) that pressure over the region 
of the appendix induced a striking increase in the tone and the peristaltic action 
of the stomach Coincident with this change m the stomach, the gnawing 
epigastric pain was felt After the administration of atropine the curve returned 
to that of the control period, and the distress disappeared The inflation of the 
colon elevated the registration lever, but no other change was noted, and the 
distress was not induced In a later experiment the injection of air into the colon 
produced changes m the stomach similar to that induced by palpating the appendix 
which were also accompanied by distress There was a prompt response to atro- 
pine, even though the air remained m the colon, and subsequent pressure over the 
appendix had no significant effect 

£ 6 . 
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Fig 4 — Record of patient with chronic appendicitis Note the effect of pres- 
sure over the appendix The epigastric distress was induced b> the pressure, and 
corresponded with the peristaltic waves Following the administration of atropine, 
the introduction of air into the colon caused some eleiation of the writing lever, 
but had no significant influence in gastric activity 


This patient was later studied by the fluoroscope The stomach was carefully 
observed, and then the appendical region was massaged The tone of the stomach 
was increased, a prepyloric spasm was noted, and the epigastric pain appeared 
It is to be observed that the position of the stomach was changed (fig 5) Air 
■was then injected into the colon There was a striking change in the position 
and shape of the stomach, the prepyloric spasm was more evident, and the pain 
became intense The pam was localized over the spasm (fig 5 C) A picture was 
taken during pam, and shows the extent of the spasm (fig 5 D) 

It was felt that possibly a continuous curve of the gastric activity might con- 
tribute to the explanation of the periodicity of the epigastric pain A continuous 
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Fig 5 — A, control roentgenogram, B, after pressure was applied over the 
appendix, C, after the introduction of air into colon, note the pjloric spasm, D, 
roentgenogram taken during pain There was a further elevation of the stomach 
and the pyloric spasm was more marked The pam vas intense and localized o\er 
the region of spasm 
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curve was recorded from 8 15 in the morning until 2 15 m the afternoon The 
stomach was relatively inactive until about 11 30, and the patient was free from 
discomfort There was then a gradual increase m the frequency and depth of the 
peristaltic waves until 12 30, followed by an abrupt cessation of peristalsis 
During the height of the increased peristalsis the gnawing distress was felt in 
the epigastrium The pain disappeared w ith the last large peristaltic wave About 
one hour later the cycle was repeated m a minor form The periods of active 
peristalsis were regarded as hunger contractions and believed to be related to the 
production of the pain 

This patient was operated on, and a chronically infected appendix w ? as 
removed The diagnosis w'as later confirmed by the pathologist 

In ceitam instances of gastiic and duodenal ulcers there is a reflex 
stimulation of the stomach fiom the colon which contributes to the 
production of the epigastric pain 

Case 5 — The curve in figure 6 w as taken from a patient with recurring 
duodenal ulcer The diagnosis of ulcer w r as first made in 1925 Treatment was 
instituted in a hospital for two months, and the distress disappeared The patient 
was free from symptoms until July, 1929 When the patient was admitted to the 
University Hospital on Oct 14, 1929, the clinical and roentgenologic observations 
were those of a duodenal ulcer In the beginning of the gastric curve there was 
actn e peristalsis, and the typical epigastric pain was felt with each wave Follow- 
ing the introduction of 30 cc of a 2 per cent solution of sodium hydroxide into 
the stomach, there was a cessation of the peristaltic waves, and the pain disap- 
peared Later, air was injected into the colon with a subsequent increase m pain, 
and, finally, \iolent changes in the tone which were accompanied by severe 
epigastric pain Amyl nitrite was administered on two occasions without any 
appreciable influence on the gastric activity or pain The administration of 
atropine, however, was followed bj a prompt disappearance of the changes m 
tone and the cessation of pain The patient stated that the distress induced by 
the injection of air into the colon was identical with that experienced in the past 

In the majority of the cases of peptic ulcer so far studied, there 
was no demonstrable stimulation of the stomach from the colon, and the 
introduction of air into the colon did not induce the epigastric distress 
This feature was illustrated m several patients, and m each instance the 
colon was distended to the point wheie the patient was exceedingly 
uncomf oi table, yet there was no change m the curve, nor was there 
epigastric pain 

COMMENT 

In the piesent investigation, a reflex stimulation of the stomach 
from the colon and the appendix was demonstrated m patients with an 
mitable colon, chronic appendicitis and peptic ulcer The stimulating 
effect on the stomach was manifested by a sti iking increase m the tone, 
paiticulaily of the pyloric poition and an increase m the penstaltic 
action The same results were obtained legardless of whether air was 
injected into the colon or the ileocecal legion was massaged In all 
except one instance, the gastiic lesponse was prompt In this patient 




bv atropine, and the pain disappeared Amyl nitrite had no effect 
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the introduction of 500 cc of an into the colon on two occasions had 
no significant influence on the tone oi penstaltic action of the stomach 
Later, howetei, when the patient began to experience seveie cramps 
over the lower pait of the abdomen, theie was an abiupt change m the 
stomach with the appeaiance of the typical epigastric distress The 
stimulation was apparently not sufficient until the onset of violent 
penstaltic wates m the colon The obsei rations m the i oentgenologic 
examination w ere m accordance with the lcymogi aphic i ecords Altei - 
ation m shape and position and fiequent maiked piepylonc spasm 
weie noted The results from the kymographic study tvere more sti ik- 
ing, which might be expected from the more delicate means of 
l egistration 

Coincident with the onset of the induced altei ation m the stomach 
the typical localized epigastric distiess appeared In each instance the 
distiess conesponded with changes m tone, oi with the passage of a 
penstaltic w r ave over the pylonc poition of the stomach This distress 
was usually intei mittent and during active peristalsis it appealed on 
the upstroke of the lever and subsided on the dowmstioke In those 
instances m which tone changes w ? ei e the striking featuie, the distiess 
peisisted until the spasm relaxed Marked change m tone alone was 
apparently sufficient to produce the pam, but penstaltic waves, legaid- 
less of their intensity, did not seem to be so effective unless opposed by 
an mciease in tone or a spasm of the pyloius The fluoioscopic obser- 
\ations corresponded wnth those of the k} mograph The distress w^as 
localized o^ei the p)lorus, and the external location changed with the 
shifting of that portion of the stomach The mtei mittent pain appeared 
as the peristaltic wave appioached the pylorus, and persisted until the 
barium sulphate w as expelled through the pylonc sphincter One could 
predict with a considerable degree of accuiacy the exact tune of onset 
and of cessation of the pam The intensity of the pain seemed to vaiy 
with the degiee of spasm, and in some instances it was intense In 
those instances m which epigastnc pam w r as not induced by the stimu- 
lation of the colon, no significant changes w r ere demonstrated m the 
stomach by either the lcymogi aph or the roentgenologic study 

In the k}mographic stud) the gastric altei ation induced by the stimu- 
lation of the colon usually subsided after the tension m the bow'd w'as 
i educed by the expelling of air thiough the rectum, or was abolished by 
atropine, even though the air lemained m the colon Amyl nitrite and 
mtrogl)cerm were employed m some instances, but they weie much less 
effective than the atropine 

These obseivations indicate that the epigastric distiess of a spastic 
condition of the colon and chronic appendicitis is gastric m origin, and 
that it is induced b) a leflex stimulation of the stomach This distiess 
may appear at any tune that there is sufficient stimulation of the stomach 
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It may occur immediately after meals, particulaily when the colon is 
irritable There may thus be considerable variation m the time of 
occurience, which is one of the featuies that differentiates this type of 
pam from that of peptic ulcer Frequently however, the distress has 
a definite periodicity that appaiently corresponds with the appearance 
of hunger conti actions The tone and peristaltic action of the stomach 
is oidmarily greatest at this time If the tone of the pyloric portion 
of the stomach is fuither increased by a stimulation fiom the colon 01 
the appendix, the epigastnc distress appears 

The gastric pam associated with chronic appendicitis and lintable 
colon may be identical with that caused by peptic ulcer This type of 
pam is not dependent on an ulceiation of the stomach, nor is it possible 
for the hydrochloric acid of the gastnc content to be a factor In fact, 
the free hydrochloric acid is inclined to be low or even absent The 
pain induced in patients with peptic ulcei by the stimulation of the 
colon was said to be identical with that of distiess caused by the ulcer 
The gastric alterations strikingly lesembled those accompanying an 
untable colon and chionic appendicitis The pam also occurred undei 
the same conditions It would thus seem that the changes m the stom- 
ach responsible for the pain in the foimer condition aie probably funda- 
mental m the production of pam in peptic ulcei A study of the gastric 
alterations associated with peptic ulcer is in piogiess and will be reported 
m a latei communication 

CONCLUSIONS 

The lecuinng localized epigastric distiess associated with an 
uritable colon or chionic appendicitis is gastnc m origin and is induced 
by a reflex stimulation of the stomach The stimulation of the stomach 
is manifested by an mciease in tone, paiticularh of the pyloric region, 
and an mciease m the penstaltic action The pam appears to be 
coincidental with the change m tone and the passage of a peristaltic 
wave ovei the pylouc portion of the stomach The distress may be 
induced any time at which theie is sufficient stimulation of the stomach 
It may thus occui immediately after meals 01 at inegular mteivals, but 
frequently a definite periodicity is obsened which conesponds with the 
appeal ance of hunger conti actions 

In certain instances of peptic ulcei a leflex stimulation of the stomach 
fiom the colon was demonstiated, and the typical epigastnc distress 
was induced The gastric alteiations stnkmgly lesembled those associ- 
ated with lintable colon 01 chionic appendicitis, and the pam occuned 
under the same conditions 

In those instances in which epigastnc distiess was not induced by 
a stimulation of the colon, no significant changes were demonstiated 
in the stomach 



ACROMEGALY WITH DIABETES MELLITUS AND 
XANTHOMA DIABETICORUM 

REPORT Or A CASE ' 

EL -VINE P RALLI, MD 

KEW \ ORK 

That a deci eased caibolndrate toleiance accompanies aciomegaly 
was conclusively shown by Daiidoff and Cushing 1 In view of then 
observations it is not siupnsing to find the incidence of diabetes melhtus 
high in this condition John 2 lepoited three cases of this kind, in two of 
which the onset of aciomegal} pieceded the onset of diabetes The fact 
that pituitaiy extiact has an antagonistic action to insulin 3 has bi ought up 
the question of whethei the diabetes is a tiue diabetes or the lesult of an 
intei feience with the nounal action of insulin In some cases it w r ould 
seem that theie is a telative, lathei than a tiue, panel eatic deficiency In 
otheis, howevei, theie is little doubt that the diabetes is a true diabetes 
melhtus, the acromegaly possibly being the ongmal factoi m causing the 
diabetes Joslm 4 pointed out that the chiomophihc cells of the pituitaiy 
exeit a paitiall} conti oiling influence on the cells of the islands of 
Langei bans, and that in hypeipituitansm the f oimer aie mci eased in 
number 

The occuuence of xanthoma diabeticoium m seveie cases of diabetes 
ivas lepoited by seieial obseiveis Outstanding among these was a 
review of seventy-four cases by Major 5 m 1924 The tumois aie most 
numerous on the flexor sui faces of the foieaims and legs With this 
complication theie is seveie hpenna and a high content of cholesterol m 
the blood Majoi expiessed the belief that the disappeai ance of the 
tumois is due to the deciease of hpenna and hypei cholesterenna 
Pathologically, the tumois show fibiosis with an mfiltiation of small 
mononucleai leukocjtes The nodules aie composed of neutial fat, fatty 

' Submitted for publication, June 24, 1930 
From the Department of Medicine, University and Bellevue Hospital Medical 
College, New York University, and the Thud (New York University ) Medical 
Division of Bellecue Hospital 

1 Davidoff, L M , and Cushing, H Studies m Acromegaly Basal Metab- 
olism, Arch Int Med 39 673 (May) 1927 

2 John, H J Possible Relationship Between Acromegah and Diabetes, 

, Arch Int Med 37 489 (April) 1926 

3 Burn, J H J Physiol 57 31S, 1923 

4 Joshn, E P Treatment of Diabetes Melhtus, Philadelphia, Lea & Febiger, 

1928 
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acids and lipoid bodies and contain cholesteiol Goldstein and Hams 0 
descnbed the involution of these tumois aftei six weeks in a patient 
whom they obseived Theie was a maiked flattening of the nodules 
with loss of coloi, but the total numbei did not deciease markedly 

The patient m the following case had aciomegaly and seveie diabetes 
with xanthoma diabeticoium The aciomegaly had peisisted since 
adolescence and had appaiently pieceded the onset of the diabetes 

REPORT Or CASE 

An Italian, 37 years of age, was admitted to the hospital on Feb 11, 1930, with 
the chief complaints of weakness and papules over the whole body The family 



Fig 1 — The distribution of the tumors on the foreaims and the aciomegahc 
character of the hands 

history was difficult to obtain, but the patient said that his brother had the same 
facies The symptoms of pohuria, polydipsia and loss of weight dated back to 
March, 1929, at which time the patient noted small pinkish tumors on both arms 
and forearms The patient said that he had felt weaker since the onset and that 
this weakness had become progressively wmrse The tumors increased soinewdiat 
in size, and he w^ent to a hospital foi treatment He was placed on a diet and 
the tumors disappeared After Ins discharge from the hospital, however, the 
tumors reappeared in greater numbers than previously and persisted up to the 
time of his admission to Bellevue hospital 

Physical examination re\ealed obwous acromegaly (figs 1,2 and 3) There urns 
an acetone odor to the breath The ejeballs were normal Examination of the chest 


6 Goldstein and Harris Am J III Sc 73 195, 1927 
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gave negative results The heart -tfas shghtlj enlarged, and there v.ere / no 
murmurs On the outer aspect of both arms, from the wrist to just below the 
shoulder, but more numerous over the forearms add elbows, there were small 
tumors varying in size from 0 2 to 0 S mm vThey were also seen over the knees 
The growths were firm and yellowish pink They were not tender or painful 
For the most part they were discrete, but over the elbows and knees they tended 
to coalesce 

Laboiatoiv Observations — The first twenty-four hour specimen of urine 
showed 48 Gm of sugar, 3 + acetone and 2 -f- diacetic acid The blood sugar 



Fig 4 — Dextrose tole-ance curies obtained on Feb 24 and April 12, 1930 


content was 250 mg The patient was placed on a diet of carbohidate, 112 Gm , 
protein, 62 Gm , fat, 127 mg, and a total dose of 35 units of insulin dailv This 
had practically no effect on the output of sugar, and the urine continued to show 
sugar for seven days The insulin was increased to 45 units during this time, but 
apparently the patient was having food brought to him from outside the hospital 
In an effort to gam his cooperation, the carbohvdrate m the diet was raised to 
140 Gm , the protein and fat remaining the same At this time the blood sugar con- 
tent was 300 mg, and the output of sugar 38 Gm a day The acetone and diacetic 
acid had disappeared The insulin was again increased, this time to 70 units, and 
the patient became sugar-free The urine still showed sugar occasionally, but the 
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blood sugar during fasting was considerably low r er Except on two occasions, 
it remained below' 200 mg after ghcosuria w'as controlled When ghcosuria reap- 
peared, the intake of insulin was raised until the condition disappeared again In 
this waj the patient was kept fairly well under control 

The first estimation of blood cholesterol w»as made when the blood sugar was 
at a level of 300 mg, and when there w'as an average of 40 Gm of sugar daily in 
the urine The serum was milkv white and typical of extreme hpemia The 
cholesterol content ot the blood at this time was 5,900 mg This was determined by 
the Sackett 7 method, which is a modification of the Bloor method It was checked 
and found to be correct In reporting the comparative results of cholesterol 
determinations made by the Sackett method and the Bloor method, Sackett found 
that the original Bloor method gnes a somew'hat higher reading In the univer- 
sity laboratories the normal cholesterol content of the blood, as determined by the 
Sackett method, w r as found to average 175 mg The cholesterol reading for this 
patient was so high as to deserve mention After the patient had been sugar-free 
for two weeks it was found to be 450 mg , at this time the blood serum was 
normal, and it remained so The cholesterol w'as determined on two more occa- 
sions, and again w'as found to be 450 mg , on a third occasion it w'as 385 mg 
The blood sugar at this time was 174 mg One of the tumors w j as excised on* 
March 22, at which time the blood cholesterol was 450 mg This tumor w r as 
extracted for cholesterol The total weight of the sample was 10 mg and it con- 
tained 0 8 mg of cholesterol This determination w*as also made b\ the Sackett 
method 

Two blood sugar cur ass were obtained one on February 24 and one on April 
12 On both occasions the patient w’as given 100 Gm of dextrose bj mouth The 
readings, in milligrams, are as follows 


February 24 April 12 


Fasting 

364 

Fasting 

241 

hour 

526 

Yz hour 

327 

1 hour 

556 

\y z hours 

384 

2 hours 

513 

2 l / z hours 

350 

3 hours 

444 

3 J /z hours 

289 

4 hours 

430 

A]/ 2 hours 

250 

These curies obvioush 

point to a seiere form of diabetes 

The phenolsulphon- 

phthalem test showed a normal kidnev 

function, the total output o\er a tw T o hour 


period being 72 per cent 

The urea clearance test for kidney function, according to the method of 
Miller, Macintosh and Vrn Slyke, s gave the following results 


1st hour 2d hour 

U/B ratio " 36 63 431 

Standard clearance 49 67 cc J>7 67 cc 

Per cent ot normal 91 89 106 7 

* Urine urea nitrogen 
Blood urea nitrogen 

This showed that there was no impairment of kidney function 

Dr I J Landsman furnished the following roentgen report The hands 
showed changes characteristic of acromegah Roentgenograms of the skull showed 


7 Sackett J Biol Cl.em 44 203, 1925 

S Miller, Macintosh and Van Shke J Clin Im estigation 6.427, 1928 
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the sella turcica increased in size, the maximum anterior postenor diameter equal 
to 20 mm and the height equal to 16 mm There was definite erosion of the 
anterior and posterior clinoids The observations were considered characteristic 
of a pituitary neoplasm with acromegalic changes 

The photograph of the arms and hands of the patient (fig 1) shows the 
arrangement of the tumors and the acromegaly of the hand The tumors are 
also seen in the photograph of the knees (fig 2), and the acromegalic facies is 
well demonstrated in the photograph of the patient’s head (fig 3) During Ins 
stay in the hospital, the tumors were much reduced in size and number but did 
not entirely disappear They were distinctly flatter, some being almost flush with 
the skin Where they had disappeared, there remained a slight brownish scar 

COMMENT 

In view of the fact that the patient had marked aciomegaly and 
showed a definite tumor of the pituitaiy gland, the seventy of the 
diabetes is not surpiismg The hypeicholesteiemia and lipemia responded 
well to insulin and diet, but in spite of this the tumors legressed slowly 
The difficulty m keeping the patient continuously sugai-fiee, even with 
fan ly laige doses of insulin, may be accounted for by the increased 
activity of the pituitaiy gland Theie seems to be little doubt that m 
this case the diabetes was a tiue diabetes melhtus, a fact attested to bv 
the piesence of the xanthoma the hypeicholesteiemia and the high blood 
sugai curves 
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A Practical Medical Dictionary By Dr Thomas Iathrop Stedman 

Eleventh, revised edition Price, $7 50 New York William Wood & 
Company, 1930 

This eleventh edition of Stedman’s “Medical Dictionary” is of a convenient size 
and adequately fulfills the requirements of such a book The primary value of 
any dictionary, medical or otherwise, is determined in large measure by the author’s 
ability to construct definitions that will be both accurate and concise In dictionaries 
of this type one does not expect or desire to find detailed explanations The 
author of this work did not lose sight of this fact, and his definitions are well 
framed and to the point 

Certain devices are introduced which deserve a word of comment because they 
are the means of conserving time and effort on the part of the inquirer 1 The 
definitions are so lucid that a person with little or no medical knowledge is able 
to understand the meanings at first reading This quality is of especial importance 
to students or assistants to phvsicians 2 Certain processes, conditions and objects 
are illustrated, frequently in color 3 So far as possible, the author has omitted 
the long lists in the general body of the dictionary When it has been found 
necessary to insert such lists, they have been reduced to a minimum by merely 
giving a name and following this with an asterik indicating that under the qualify- 
ing word the reader will find a more complete description For example, under 
the list entitled “test” one finds ‘Widal’s " Test ” The reader may then find this 
word in its proper alphabetical order, and in addition to a description of the 
test, the author has been able to include some biographical data Had all this 
information been given in the list it would have interrupted the alphabetical sequence 
and proved extremely cumbersome 4 In some cases the author has inserted under 
the English titles lists in small type which furnish scientific data about the larious 
conditions associated with the parts 

The etymology of the \\ ords used' in medicine and the formation of terms are 
compact and clear The sources of the words are given, Greek sources are given 
in Roman letters The author makes the statement that this is done because 
Greek is no longer generally studied by physicians, as it was m the past The 
following example mdicates the manner in which this phase is handled Macrocyte 
(G makros, large, + k\tos cell) The more simple spelling of medical terms 
has been given preference, the old spellings are given as alternatives 

The appendix furnishes data concerning doses and uses of drugs, weights and 
measures, stethoscopic abbreviations, temperature and barometer scales, chemical 
elements and pathogenic nncroparasites 

On the whole, Stedman’s “Medical Dictionary” impresses one as being a highly 
useful and convenient reference book both for physicians and for laymen who have 
an interest in medicine 

Les syndromes dolloureux de la region epigastrique By Rene A 
Gutmann, Ancien interne des Hopitaux de Paris, Attache medical de la 
clinique chirurgicale de la Salpetriere, charge des consultations des maladies 
du foie et du tube digestif Volumes 1 and 2 Price, 200 francs Pp 1093, 
with 344 roentgenograms and 198 schematic drawings Paris Gaston Dom 

The first volume, covering 520 pages, begins with a general discussion of the 
symptom, epigastric pam It then presents the various syndromes and clinical 
forms of ulcer Special chapters are devoted to duodenal ulcer, gastric ulcer 
and juxtapyloric ulcer Under each of these headings, the clinical picture, together 
with a detailed description of the roentgen appearance, is given A chapter on 
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the treatment for ulcer follows Gastric carcinoma is dealt with fully, including 
h mphogranulomatosis, sarcoma and benign tumors of the stomach The clinical 
picture, the roentgenologic aspect and the treatment for disease of the gallbladder 
are similarly set forth 

The second volume begins with a description of the perivisceral syndrome, which 
is said to be the same foi all conditions occurring in the upper part of the 
abdomen Pyloric and duodenal stenosis and pyloric insufficiency are next con- 
sidered Two hundred pages are devoted to ptosis and dyspepsia, under which 
are described hvposthemc, orthostatic, hepatic, pancreatic, renal and other even 
less tangible syndromes The epigastric distress seen in syphilis and tuberculosis, 
together with a good description of the organic diseases produced in the upper 
part of the abdomen by these two infections, is included The volume ends with 
a good account of gastrojejunal ulcei, its symptomatology, roentgenologic mani- 
festations, etiology, complications and treatment 

In general, it may be said that the w'ork is thorough The clinical phases are 
w'ell presented, being divided into the almost multitudinous forms and syndromes 
so frequently found in the French hteiature The x-raj' sections, well illustrated 
w'lth excellent plates and sketches, are commendable Very little can be said, 
however, for the sections on therapy or for the ones dealing with ptosis, kinks, 
bands, adhesions and dyspepsia The w'ork is thorough, but frequently not critical 

History of Haitian Medicine By Robert P Parsons, Lieut Com, MC, 
US N With a Foreword by Edward R Stitt, Rear Admiral, M C, USN 
Price, §225 Pp 196, with illustrations New' York Paul B Hoeber, Inc, 
1930 

This is a highly interesting account of disease in our neighboring Negro-ruled 
so\ereign state of Haiti and the dramatic medical development with the American 
occupation So much has been written on the seamy side of Haitian politics and 
so many aspersions have been cast on this country’s efforts by certain factions 
of the public press that it is refreshing to read of the indisputable achievements 
of the enthusiastic and scientific medical personnel of the United States Marine 
Corps and the later organized Public Health Service The story falls naturally 
into tw'o parts, Haitian medicine before the American occupation and that follow'- 
mg this event in 1915 For centuries after the landing of Columbus in December, 
1492, the island remained a plague spot of the earth A cited author wmites that 
the nosology of Haiti in 1804 w'ould include all the diseases that 312 vears of 
European intercourse w'ould contribute to what the Caribs left before their exter- 
mination, together with all that Africa could add in 292 \ ears of slave trade 
Smallpox, yellow fever, malaria, yaws, tetanus, voodooism and revolution made 
life precarious Yet the population grew It may be surprising, but it was 
jaw's and not the better known tropical diseases which constituted the major 
medical problem at the time of the American occupation This w'as apparenth 
first appreciated by Dr Paul W Wilson of the Public Health Service, who “poured 
arsenicals into the seething black mass and saw' yaws lesions fade away, not m 
individual cases, but from a whole mountain side ” The author holds to the view 
generally accepted by the medical corps of the military services that yaws is a 
modified form of syphilis The style is simple and pleasant, and the lolume 
maintains the high standard of Hoeber’s series of books on medical history 

Anatomy By George W Corner Price, $1 50 Pp 82, with 8 illustrations 
New' York Paul B Hoeber, Inc 

This book presents in a most scholarly and delightful form a brief review of 
the development of the science of anatomy from the earliest times It is one of 
a series of primers on the histori of medicine published bv Hoeber under the 
general title “Clio Medica ” On account of the brew ltj imposed by the plan, only 
the most fundamental concepts, discoveries and methods are renewed Dr Corner 
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has selected these with admirable judgment, and has presented them with a clear- 
ness which enables the reader to appreciate their significance At the end is a 
brief chapter on current trends m anatomy which indicates the lines along which 
anatomy is contributing to the advance of the science of human biology 

I he trend is toward the study of living tissues from a dynamic or functional 
point of view Among the lines along which the advance is being made are cell 
lineage, the life history of cells, the determination of standards of growth, anthro- 
pometry and ethnology The newer useful methods include tissue culture, the 
x-rays and photomicrography with moving films The older methods continue 
to be useful, for the starting point must always be the dissecting room, and many 
problems can be solved only with the help of experimentation on animals 

From either literary, scientific or historic points of view 7 , the book will gne 
great satisfaction to all interested m am w 7 ay in the science of anatomy 

Physiologicat Principles i\ t Treatment By W Langdon Brow t n, M 
M D Cantab , FRCP, Pity sician to St Bartholomew’s Hospital, with the 
Collaboration of R Hilton, M A, MB Cantab , MRCP, Assistant Phv- 
sician and Assistant Director of the Medical Unit St Bartholomew 7 ’ s Hospital 
Sixth edition Cloth Price, $3 75 Pp 464, with index New York 
William Wood & Company, 1930 

The popularity of this w 7 ork is attested to by the appearance of this, the sixth, 
edition, the first edition appearing in 1908, since which time there have been many 
changes both in theory and in practice So many notable changes have occurred 
in the six years following the appearance of the fifth edition, in 1924, that it has 
been found necessary to submit the w'hole book to a thorough revision The 
author states, “In retrospect I am struck by two facts One is the much closer 
association between physiology and medicine now than twenty -one years ago The 
other is that a good indication as to the truth of new 7 work can be gathered from 
the speed with w'hich its effect is found to be spread bevond its original application 
Insulin is an outstanding example of this , instances to the contrary need not be 
pilloried ” 

Fundamental discoveries in physiology and clinical medicine are correlated 
in a clear and interesting fashion, and the application of the principles enumerated 
therein should ha\e a broadening influence on both student and practitioner 

Ner\ols Indigestion 7 B.v Walter C Alvarez, MD, Associate Professor 
of Medicine, University ot Minnesota (the Mavo Foundation) Price, $3 75 
Pp 284 New York Paul B Hoeber, Inc, 1930 

This rather small volume is largely an elaboration of tyvo papers previously 
w'ritten bv the author one on the treatment of nervous indigestion, the other 
on the effects of emotion on the digestive tract Its theme is functional rather 
than organic disease, although some attention is given the latter There is a 
brief discussion of the phvsiologj of the gastro-intestinal tract 

It is obvious that the author is chiefly concerned with the care of that large 
group of patients ill with functional distuibances, commonly classified as “neuros 
who go in despair from one phj sician to another, and who frequently 7 , failing to 
find relief, fall into the hands of charlatans of y arious kinds The book is 
interesting and well written and contains much wisdom and sound adyice It 
yvill be read yy ith interest and profit bj the older, more mature, practitioners , 
it should be read by all medical students ancl recent graduates 

The last chapter of thirtv 7 -five pages, entitled 1 Suggestions for Further Read- 
mg, contains yvell chosen paragraphs from the writings of such men as Sir 
William Osier, Charles Darwin, Oliver Wendell Holmes and S Weir Mitchell 
These selections sery'e to emphasize the author’s central theme — the skilful 
treatment of functional ills 
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ANGINA PECTORIS 

THE CLINICAL AND ELECTROCARDIOGRAPHIC PHENOMENA OF THE 
ATTACK AND THEIR COMPARISON WITH THE EFFECTS OT 
EXPERIMENTAL TEMPORARY CORONARY OCCLUSION 

FRANCIS C WOOD, MD 

NEW \ ORK 
AXD 

CHARLES C WOLFERTH, MD 
With the Technic \l Assist wce or 

MARY M LIVEZEY, AB 

PHIL \D1 LPHI \ 

Innumeiable h) polheses have been proposed to explain the mechan- 
ism of an attack of angina pectoris Huchaid 1 collected about eighty 
such h)potheses m his monogiaph It is not within the scope of this 
papei to enumeiate oi to discuss the gieat majonti of these How- 
ever, the t\\ o that seem to be commanding most attention at the pi esent 
time meiit a bnef outline 

1 The “coionai) hypothesis,” stated hist b) Pan), 2 holds that the 
attack of angina pectons is dependent on a tempoiaiy mteifeience with 
the blood supph ot a pait of the heait muscle This lnpothesis is 
based on the following points (a) the frequency with which advanced 
coronan disease is found post moitem m patients who have died fiom 
angina pectoris*, ( b) the similanty of the syndiomes of angina pectons 
and coionar) occlusion m regaid to the chaiacter and location of the 
pain, (c) the adequate explanation of the mechanism of sudden death, 
i e, ventiiculai fibi illation and (d) lecent experimental work showung 
that pam can piobabh be pioduced b} this mechanism 3 

* Submitted for publication, May 31, 1930 
From the Robinette Foundation, Medical Clinic, Hospital of the University 
of Pennsilvania 

1 Huchard, H Maladies du coeur et des vaisseaux, Paris, Octave Dom, 

18S9 

2 Parry C H An Inquirj into the Symptoms and Causes of the S\ncope 
Anginosa, Commonh Called Angina Pectons, Bath, R Cruttwell, 1799 

3 Singer, R Experimentelle Studien uber die Schmerzempfindhchkeit des 
Herzens und der Groszen Gefasse und ihre Beziehung zur Angina pectoris, Wien 
Arch f mn Med 12 193 (Feb) 1926, 13 136 (Sept) 1926, 14 113 (March) 

1927 Sutton, D C and King, W W Plwsiologic Effects of Temporary 
Occlusion of the Coronan Vessels, Proc Soc Exper Biol & Med 25 842 (June) 

1928 Sutton, D C Effects of Temporary Occlusion of the Coronan Vessel'. 
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2 The ‘ aoitic hjpotliesis,” championed by Allbutt 4 and Wencke- 
bach, 5 holds that angina pectons is pioduced by distention of the fust 
part of a diseased aorta This hypothesis is based on the following 
points (a) All available evidence seems to be opposed to the possi- 
bility that any grave change takes place m the heart muscle during 
the attack Iriegulanty in pulse rate, a diop of blood pressure and 
signs of heait failuie aie not mtegial paits of an anginal attack (b) 
Anything that weakens the heart muscle usually tends to prevent angina 
pectons (c) Competent ohseiveis 0 have leported a few carefully 
studied cases of patients who have died fiom angina pectons whose 
hearts showed no evidence of coionaiy disease post mortem (d) Almost 
all cases of angina pectons show aoitic disease post mortem (e) Aortic 
disease (aoititis, luptuie, etc ) pioduces pain, sunilai in chaiacter and 
distribution to that pioduced by angina pectoris (/) Experiments on 
animals have demonstrated the probable existence of sensory nerve 
fibers m the aortic adventitia which can give use to pam if stimulated 
mechanically 3 

It is not ceitam that all cases of angina pectons are dependent on 
one and the same mechanism 7 Howevei , the trend of current opinion 
seems to be toward the belief that the majority of the cases of true 
Heberden’s angina can be explained on a coronary basis The mam 
difficulty confronting this explanation has been the almost complete lack 
of dnect evidence that the heart is primarily involved during the 
paroxysm Recently, data on this point have been supplied by nine 
cases, reported m the hteratuie, m which attacks of angina pectoris 
have been studied b\ means of the electiocaidiogiaph 8 All of these 

(Proceedings of Central Societi for Clinical Research), J Clin Investigation 
7 304 (June) 1929 Pearcj, J F , Priest, W S, and Van Allen, C M Pain 
Due to Temporary Occlusion of Coronary krteries in Dogs, Am Heart J 4 390 
(April) 1929 

4 Allbutt, Sir Clifford Diseases of the Arteries, Including Angina Pectoris 
London, Macmillan & Company Ltd , 1915 

5 Wenckebach K F Toter Punkt (“Second Wind’ ) und Angina Pectoris, 
Wien klin Wchnschr 41 1 (Jan ) 1928 

6 Osier, William The Lumlian Lectures on Angina Pectoris, Lancet 1 697 
(March 12) 1910, 1 839 (March 26) 1910, 1 973 (April 9) 1910 Levy, R L 
Cardiac Pam Am Heart T 4 377 (April) 1929 Romberg, E Ueber Angina 
pectoris, Munchen med Wchnschr 76 797 (May 10) 1929 

7 Wolferth, C C , and Wood, F C Angina Pectoris, M Clin North 
America 13 951 (Jan ) 1930 

8 Bousfield, G Angina Pectoris, Changes in the Electrocardiogram During 
a Paroxysm, Lancet 2 457 (Oct 5) 1918 Fed, H, and Siegel, M L Electro- 
cardiographic Changes During Attacks of Angina Pectoris, Am J M Sc 175 
255 (Feb) 1928 Lev\, J R Valeur semiologique des alterations du complex 
ventnculaire electrique dans les syndiomes angmeux, Arch d mal du coeur 
22 523 (Aug ) 1929 Levy refers to other leports on this subject They were 
investigated and found not to contain electrocardiographic studies made during 
the attacks 
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cases but one (a case with a nnld pai ox\ sin J ' showed a definite change 
m the ventnculai complex dui mg the attack These electrocardio- 
graphic data have been cited by some w liters 9 10 as evidence that all 
angina is coronaiv m ongin This inference is not justifiable on the 
basis of the evidence at hand Certain questions remain to be answered 
1 Do these electrocardiogi aphic changes occui m eveiy severe attack of 
angina pectoris ? 2 Do the> closely paiallel the pam ? 3 Are they 
due to some specific change in the heatt, such as a temporary myocardial 
ischemia, oi aie the) merely due to the exeicise which provoked the 
attack or the changes m blood piessuie oi pulse late which accom- 
panied it ? 

ELECTROCARDIOGRAPHIC STUDIES Or ATTACKS OF ANGINA PECTORIS 

Thuty cases of angina pectons weie studied with the foregoing 
pioblems in mind In six cases the attacks were spontaneous, in 
twenty-four cases the pam was induced by van mg amounts of pre- 
set ibed exertion, which ivas stopped at the fiist suggestion of pam 
Some patients w r ere studied m more than one attack Whenevei pos- 
sible, electiocaidiogiams were taken befoie seveial times during, and 
seveial times aftei, each attack Blood piessuie leadings w r ere taken 
at intervals dui mg most of our studies 

The decision as to whethei the patient had an attack of “hue angina” 
w r as not ahvays easv to make The decision was based on the usual 
clinical phenomena, the location, ladiation and charactei of the pain, its 
i elation to exertion and lest and the demeanoi of the patient during 
the paroxysm Doubtful cases weie discarded A study of the tracings 
that w r ere obtained revealed that all of them showed transient changes 
m the ventnculai complexes dui mg the pam 

In an attempt to rule out exercise and alteiations m blood pressuie 
or pulse late as factois m the pioduction of these electrocardiographic 
changes, a senes of conti ols was studied 1 The effect of vanous 
amounts of exeicise on the electiocaidiogiam was observed in 100 
noimal subjects, m 50 patients with caidiovascular disease othei than 
angina (chronic valvular disease, hypei tension defects m conduction, 
electrocardiographic abnoimahties, and myocaidial insufficiency) and in 
12 patients with histories of anginal attacks m whom the prescribed 
exeition was not pioductive of a paroxysm 2 The effect of paroxysmal 
pain, known to be due to an extiacardiac lesion was studied m 4 
cases (ureteial colic, distended bladdei duodenal ulcei and diapluag- 
matic hernia) 

9 Fed (footnote 8 second reference) 

10 Danielopolu, D L’angme de poitrine ct 1’angme abdonnnale, Paris, Mas- 
son et Cie 1927 Veil, P, and Codma-Altes, T Traite d’electrocardiograplne 
clmique Pans Gaston-Dom et Cie 1928 p 387 
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It was found that these vauous conti ol procedures fiequently pio- 
duced pi o found tempoiaiy changes m the ventricular complex of the 
electi ocardiogram, but that these changes were quite consistenth of one 
type 11 As a lule, the Q-R-S complexes did not change peiceptibly 
With exhausting exeicise the electi ical axis of the heart tended to 
deviate towmid the light (cliait 4) The T waves showed the most 
impoitant alteiations The geneial lule was that nrveited T waves 
tended to become upnght, while upnght weaves inci eased in height 
(chaits 1, 2 and 3) Theie weie ceitain exceptions to this lule In 
lead I the T wave was fiequently unchanged by exeition, m untrained 
persons following exeicise sufficient!} exhausting to produce a definite 
shift of the electi ical axis tow aid the right, the T w r ave in lead I some- 
times deci eased m si re paiallel to the change m the R wave (chart 4) 
The only othei exception to the geneial lule foimulated was a man, 



Chart 1 — Effec's of exercise on a normal student, aged 21 Cardiovascular 
examination showed no abnormalities, except the slight reduction m size ol Ti A 
represents the control tracing, B, tracing taken immediately after running up 
four flights of stairs in which marked increase in size of Ts and Ts occurred, and 
C, tracing taken five minutes later (practically identical with A) The original 
charts on which this article is based were lost in transit Seven of them (charts 
1, 5, 6, 10, 13, 14 and 15) could not be duplicated from the original electrocardio- 
graphic tracings Therefore thev were reproduced from slides which had been 
made of the original tracings 


aged 32, wdio had been having “indigestion” m the left h> pochondi mm 
and precordial region, but who did not have an attack of pam atter 
exeicise This patient sliow r ed a t eduction of the T wave m lead II 
immediately after i mining up foui flights of stans, and the T wave 
m lead III, pieviously 0 5 mm high became slightly diphasic In 
none of out control subjects did exeicise pioduce a deepening of an 

11 Messerle, N Die Veranderungen im Elektrokardiogramm bei Ixoiperar- 
beit, ?tschr f d ges exper Med 60 490, 1928 
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mveited T wave, a definite inversion of a flat T wave or a deviation 
of the S-T interval from the iso-electric line 

With these obseivations as a background for comparison, we 
leexamined oui angina pectoris tracings It was found that fifteen of 
them showed no changes othei than those that had been seen in our 
control group Howevei, the remaining fifteen showed definite, tem- 
porary alterations in the ventucular complexes dui mg the pain, unlike 
any seen m the contiol senes 12 (charts 5, 6, 7, 8, 9, 10, 11 and 12, 
cases 1 to 15) 



Chart 4 — Effects of exercise on a man, aged 43, with no demonstrable cardio- 
vascular abnormalities A represents the control tracing, B, tracing taken after 
running up eight flights of stairs , patient quite exhausted , Ti reduced in size, 
parallel to the reduction ,n R, , other T waves increased in size, and C, tracing 
made five minutes later 

Furthei analysis of our tiacings, aibitrarily dividing the attacks into 
mild and severe ones, show ed that of the fourteen patients with severe 

12 Judged on this basis, Bousfield’s case, Levy’s four cases, and one of Fed 
and Siegel’s cases can be considered to show definite specific changes Two more 
of Fed and Siegel’s cases show ed less definite specific changes, but can probably 
be included in this group 




Chart 5— Tracing' of patient no 2 (case 2) A , control tracing, B, during 
attack, T 2 became inserted , C, fne minutes after disappearance of the pain, 
identical with A 



Chart 6 — Tracing of patient no 3 (case 3) A, before attack, B, during 
attack, no tracing was taken after the pain had subsided During the pain, Ti 
became dccpK nnerted, Ts became markedly reduced in height 



Chart 7 — Tracing for patient in case 4 A is the control tracing, B, one 
taken during an attack caused by walking up three flights of stairs, C, tracing 
taken five minutes later, and D, tracing taken four weeks later during an attack 
caused by walking up four flights of stairs During the pam Ts became diphasic 
and T 3 more deeply im cried, Ti also showed minor changes, especially in D 








Chart 8 — Tracing of patient no 6 (case 6) A is the control tracing, B, 
tracing made during attack of pain , S-T interval depressed in lead II, T 3 sharplv 
inverted, and C, tracing made immediately after the disappearance of pain Tj 
and T; were both quite deeph inverted D, the tracing made two minutes later, 
was similar to A The changes were somewhat moie noticeable immediately after 
the pain subsided, although thev were present during the pain 
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Chart 10 1 racing of patient in case 12 4, control tracing, B, tracing made 

during pain , Ti became un erted and T: became more deep!} inverted than it had 
been the Ts changes are marked, but are m the “normal” direction , C, tracing 
made four minutes after pain had disappeared 








Chart 11 — Tracing ot patient in ease 14 
S- T mtcnal m lead I was <Iefimtel\ dcpiessed 
disappeared, identical with / 


4, control, B, during pain, the 
C two minutes after the pain had 



Chart 12 — Tracing of patient 
B, that taken four minutes after 
II and III took on an abnormal 
this case is less marked than in 


m case 15 4 is the tracing taken dining pain, 

the subsidence of pain, the S-T mtcnal in leads 
contour during the pain , the "specific change in 
the other cases 
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attacks, seven showed specific change and seven did not Of the sixteen 
patients with mild attacks, eight showed specific change and eight did 
not The severity of the pain, therefoie, did not appear to bear a 
definite relation to the piesence or absence of electrocardiographic 
changes in difteient peisons 

In the same subject the electrocai diographic phenomena accompany- 
ing each of several attacks weie the same m chaiacter, whether the 
attack was spontaneous or induced However, they varied somewhat 
in degree The moie seveie and prolonged the attack, the more pro- 
nounced were the electi ocardiographic changes 0 

For obvious leasons attacks tvere not generally induced in patients 
with the severest types of angina, noi m those with electrocardiographic 
evidence of maiked myocaidial disease This type of patient might be 
expected to show the most pionounced electrocardiographic change 
dui mg the attack 13 

In most of our cases the alteiations m the ventriculai complexes 
w'ere most pionounced when the paioxysm w r as at its height, and dis- 
appeaied within a minute or two after the pain subsided In three 
cases (cases 6, 7 and 13, chait 8), the most pionounced changes 
appealed shoitly after the pam had ceased 

Therefore it appealed that in 50 pei cent of oui cases, the pam of 
the anginal attack v r as associated with and geneially paralleled by, a 
change m the ventncular complex of the electrocardiogram that could 
not be explained by the exercise which produced the attack noi by the 
changes in blood pressuie and pulse late which accompanied it It 
seems reasonable to suspect, though it can certainly not be consideied 
pioved, that some specific intrinsic change takes place m the heart itself 
during the paroxysm which causes this change in the electi ocardiogram 

EXPERIMENTS ON ANIMALS 

The following gioup of obseivations deals with the possible nature 
of the cardiac change, the presence of 'which is suggested by the electro- 
cai diographic study of attacks of angina pectoris The question that 
we have attempted to answer is Can the electi ocardiographic and 
other phenomena of an anginal attack be explained on the basis of a 
temporary intei ference with the blood supply to a part of the heart 
muscle (i e , by the coronal y hypothesis) ? 

The Electi ocai chogi aphic Phenomena — We know from the work 
of F M Smith 14 and otheis 15 that ligation of a coionary artery m an 

13 Bousfield (footnote 8, first reference) 

14 Smith, F M The Ligation of Coronary Arteries with Electrocardio- 
graphic Studies, Arch Int Med 22 8 (July) 1918 

15 Kahn, R H Elektrokardiogrammstudien, Pfluger’s Arch f d ges 
Physiol 140 627 (June) 1911 
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expei imeutal animal will pioduce a pennanent change in the electro- 
caidiogiam Similarly, m man a coionai \ occlusion may give rise to 
well recognized alteiations in the ventnculai complex 10 Otto 17 recently 
published a brief report of the effect of tempoiaiy coionary occlusion 
on the elect! ocaidiogi am in animals Howcvei, to our knowledge, no 
one has as yet perfoimed a satisfactory cntical set of expei iments to 
enable one to answer the following questions 

(a) Will tempoiary intei mption of a pait of the coionaiy cnculation 
m the experimental animal pioduce tempoiaiy and lapidly reversible 
electiocaidiograpluc changes analogous to those seen in oui angina 
pectoris tracings 3 

( b ) Will the heait ieco\ei and the electi ocaidiogi am letuin to its 
previous state after the heart has sulleicd a distuibance of a pait of 
its blood supplj of sufficient magnitude and duiation to produce electro- 
cardiographic changes 3 

In order to answei these questions, we studied the effects of tem- 
poiary coionaiy distinction m a senes of eight dogs and six cats 

men nic 

The chest was opened in the nndlmc anteriorh, under iso-amyl-cthyl barbituric 
acid anesthesia and artiticial respiration The pericardium was opened and sutured 
looseh to tiie sides of the chest m order to make a hammock for the heart, which 
pre\ented am chance m its position Care was taken not to interfere with the 
flow of blood to or from the heart Electrocardiocraphic electrodes w'ere fastened 
to the two fore limbs and the left hind limb In some of the experiments the 
carotid was cannulatcd for a blood pressure record Electrocardiograms m three 
leads were taken before, during, and after temporar} occlusion of the larious 
coronary \essels At tunes a continuous record was taken in lead II throughout 
the whole procedure 

The technic of occluding the \essels was \ancd Usually it consisted in 
placing a bulldog clamp on the undissccted artery and periarterial structures, 
sometimes including the accompanying \cin Frequently the various arteries 
were dissected free from surrounding structures and occluded by means of 
clamps or ligatures When a ligature was used, a small glass rod was included 
in the knot to facilitate its release 

The results of clamping a laige coionaiy aiteiy become appaient in 
fifteen seconds The cardiac conti action changes chaiacter in a 
mannei that defies descuption, and a definite cyanosis of the myo- 
cardium appears stnctly limited to the aiea supplied by the occluded 
vessel This cyanosis is not dependent on venous obstiuction After 
a minute or two, the involved ventncle begins to dilate, and if the clamp 

16 Levine, S A Coronary Thrombosis Its Various Clinical Features, 
Medicine 8 245 (Sept ) 1929 

17 Otto, H L The Effect of Obstruction of the Coronary Arteries upon 
the T-Wave of the Electrocardiogram Am Heart J 4 347 (Feb ) 1929 
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is not soon lemovecl the ventncles maj begin to fibi lllate Hovevei, 
if the clamp is iemovec.1 befoie fibi illation commences, the heait maj 
lecovei its original appeal ance, piovided the vessel has not become 
peimanently occluded The time necessaiy foi lecoveiy is pioportional 
to the duiation of the occlusion It also vanes with the original state 
of the heait, 1 e , whethei it is fiesh 01 whethei it has been used m 
pievious sinnlai expenmcnts 

The electiocaidiogiaphic phenomena pioduced b) r intei ruption of 
ceitam paits of the coionai} circulation aie stiikmg The types of 
ventuculai complex alteiations obseived and the time mteivals involved 
in. then appearance and disappeaiance aie illustrated in the charts 13 
to 16 Certain factois seem to be impoitant in the pioduction of these 
electrocardiographic changes (a) The vessel which is occluded In 
general, moie striking changes followed the clamping of the vessels on 
the postenoi surface of the heait, i e, the cncumflex branch of the 



Chart 13— Tracing of a dog A, the control tracing definitely abnormal, D , 
the tracing taken one minute after clamping the posterior descending coronary 
artery, with its accompanying vein, T : and Ta became more deeply inverted, the 
clamp was removed immediately after B was taken, C, one minute after the 
remoral of the clamp, identical with A 

left and the postenoi descending coionaiy artenes Usuall} little or 
no change was pioduced by obstruction of the light or of the antenoi 
descending branch of the left coionary artery (b) The size of the 
aiea of the myocardium the blood supply of which is intei rupted More 
maiked changes followed the simultaneous obstiuction of both mam 
branches of the left coronai y aiteiy (the anterioi descending and the 
circumflex) than followed the obstruction of either one separately 
(c) The simultaneous obstiuction of accompanying veins This factor 
has not been accurately evaluated m oui experiments It may be of 
considerable importance Nevertheless when the arteries were dissected 
out and occluded without venous obstruction, definite and striking 
changes were obseived (chart 16) (d) The state of the heart before 

the occlusion Coronary occlusion m a healthy fiesh heart does not 
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pioduce electiocardiogiapluc changes as readily as it does m a damaged 
one In our expel iments, the same heart was used repeatedly for succes- 
sive coronary clampings, vuth suitable periods intervening for recoveiy 
Rapidl) level sible alteiations in the ventricular complexes were much 
moie leadily obtained aftei m\ ocai dial damage, incident to previous 
manipulation, had pioduced a ceitam amount of permanent electro- 
cardiographic change (cliaits 13 to 16) Our results toward the end 
of a peuod of experimentation on an animal weie much moie stiikmg 
than our eaiher ones Bousfield’s case 10 showed that the most striking 
electrocardiographic changes possibl} occur in man during attacks of 
angina pectoris u hen there is smulai evidence of severe myocaidial 
disease m the control tiacmg ( c ) The duration of the occlusion The 
longei the clamp vas left in place, the more pronounced were the 
changes in the icntriculai complexes (chart 15) 



Chart 1 A — Tracing of a dog A, control tracing, definitely abnormal, B, the 
tracing taken one minute after clamping of the posterior descending coronary 
arterj, with its accompaming \cm, increased inversion of all T waves, the clamp 
was remo\ed lmmediateh after B w’as taken, C, one minute after the removal of 
the clamp, D, one minute after C, identical with A 

More striking electrocaidiogiaphic phenomena resulted fiom cot on- 
ary occlusion in dogs than m cats Change in position of the heart 
was not a factor m these electiocaidiographic changes Dilatation of 
the heart was probably not responsible for them, since it often occuned 
without producing any marked alteration m the tracing 

It appears that (a) Temporary interference with the blood supply 
of a part of the heart muscle may produce tempoiaiy and lapidly lever- 
sible electiocardiographic changes analogous to those seen in our angina 
pectoris tracings ( b ) These changes may appear and disappear within 
two minutes, a period of time comparable to that involved m an anginal 
attack ( c ) The heart may lecover and the electi ocardiogram return 
to its previous state after the myocardium has suffered an ischemia of 
sufficient magnitude and duration to produce electrocardiographic 
changes 
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(a) Auhytlimia — One of Sir Clifford Allbutt’s reasons 4 for dis- 
carding the coronary hypothesis and ascubmg angina pectoris to an 
extiacardiac cause was his belief that myocaidial ischemia must of 
necessity produce arrhythmias (extrasystoles and ectopic rhythms aris- 
ing from the ischemic atea), winch are notonously missing from the 
clinical picture of angina pectoris Our studies tend to invalidate this 
feature of Allbutt’s hypothesis In our experiments extrasystoles did 
not usually occur until late, just before the ventricles began to fibril- 
late 18 Our observations are also in line with the clinical fact that when 
irregularities of the heart do occur during an anginal attack, they appear 
near the end of a prolonged paroxysm, and their appearance is of 
ominous prognostic significance 

( b ) Blood Piesswe — In all of oui patients with angina pectoris 
except two (cases 14 and 22), there was a modeiate rise of blood 



Chart 15 — Tracing of a dog A, control tracing, abnormality of S-T interval, 
Bj the tracing taken fifteen seconds after clamping the posterior descending 
coronary artery, with the accompany ing vein , moderate change in v entricular 
complexes, C, one minute after B, clamp still in place, tracing shows typical R-T 
fusion of myocardial infarction, the clamp was then immediately removed, D, 
tracing taken three minutes after the removal of clamp there was considerable 
return toward contour of normal tracing , E, tracing taken se\ en minutes after 
D, identical with A 


pressure during the paioxysm In our animal expei intents an mvanable 
immediate drop of blood pressure, varying in degi ee with the size of the 
vessel, was obtained whenever a large coionary arteiy was occluded 
The objection raised against the coronary hypothesis bv these observa- 

18 Extrasystoles, wlncn appeared occasionally r at the time of application of the 
clamp, were attributed to incidental mechanical stimulation of the myocardium 
since a reduction of this mechanical stimulation to a minimum tended to prevent 
their appearance We believe that a similar mechanism can account for extra- 
systoles, reported by other authors to have been caused by r coronary occlusion 
Sutton and King Proc Soc Exper Biol & Med 25 842, 1928 Pearcv Priest, 
and Van Allen Am Heart J 4 390, 1929 
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tions is not insurmountable The blood piessure phenomena appearing 
during an experiment on an anesthetized animal cannot be expected to 
be leproduced exactly in a conscious man The pressor reflexes set 
up by the pain of an anginal attack seem adequate to counteract a 
moderate fall of blood piessuie due to a temporary myocardial ischemia 
This belief is supported by the case lepoited by Fitz , 10 the only one 
which has come to our attention m which a patient has been observed 
dm mg and immediately after a coronal y occlusion The clinical and 
electi ocardiograplnc featuies make it 1 datively certain that a coionary 
occlusion did take place, nevei theless, the coionary accident was accom- 
panied by a rise of blood piessuie The possibility presents itself that 
coionaiy occlusion pioduces an immediate use of blood pressuie in 
many cases, giving place to a subsequent fall at the tune when these 
cases are usualh seen by physicians This explains the cm lent belief 
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Chart 16 — Tracing of a dog A is the control tracing, showing considerable 
abnormality , B, that taken a half minute after clamping of both branches of the 
left coronary artery (anterior descending and circumflex) , this tracing shows 
R-T fusion typical of myocardial infarction In this instance the arteries had been 
dissected free, and there wms no venous obstruction, the clamps were removed at 
once, C, the tracing taken one minute after the removal of clamp, the tracing 
shows considerable reco\ery, D, that taken two minutes after C, and identical 
with A 


that coronary occlusion and a diop in blood pressure are inseparable 
phenomena 

( c ) Pam — Refeiences to the woik of Singei, Sutton and King 
and of Pearcy, Priest and Van Allen 3 make it more than probable that 
there are nerves in the adventitia of the coronary aiteries that can 
produce pam when suitably stimulated We do not wish to speculate 
too far on the mechanism of pam production in angina pectoris, but it 
seems possible that a sudden change in the chemical nature of the blood 
bathing these neives might be a sufficient stimulus to give use to pam 

19 Fitz, Reginald A Case of Angina Pectoris with Cardiac Infarct Induced 
by the Intravenous Injection of Sodium Tetra-Iodophenolphthalcm, and Followed 
b\ Relief of Anginal Symptoms, Tr A Am Phys 43 292, 1928 
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Moreover, a chronic anoxemia of these neives, such as would be piesent 
in congestive failure, might deciease their nritability sufficiently to 
explain the veil known dictum “When lreait failuie supeivenes, 
angina pectoris disappears' 5 Mackenzie’s explanation- 0 that heait 
failure stops the patient befoie he can exeit himself sufficiently to 
produce an attack of angina has not seemed to explain some of our 
observations r Anothei possible explanation of the relief of angina 
by congestive failure is suggested by the recent work of Belief and 
Batson 21 concerning the leveisal of blood flow m the coionary veins 
under ceitam conditions 

A few other notewoithy facts piesented themselves during the 
course of our work 

1 Sometimes the expenmental occlusion of a laige coronary artery, 
with the consequent production of a definite change m the appearance 
and action of the heart, caused no change m the electrocardiogram 
This has a definite bearing on those fifteen patients whose tracings 
showed no specific change during attacks of angina pectons It shows 
that the absence of electrocai diographic change dui mg an attack of 
angina pectoris cannot be used as evidence that temporal y myocardial 
ischemia did not occui Theiefoie, although some mechanism other 
than the coronaiy one might be opeiating to pioduce the paioxysm m a 
case showing no specific ventuculai complex change during a severe 
attack, it is possible foi such a case to be due to myocaidial ischemia 

2 Levme, Ernstene and Jacobson 22 recently published an intei estmg 
gioup of electrocardiograms taken dunng attacks of piecordial pam 
which weie produced in patients with angina pectons by injections of 
epinephnne All the electi ocai diogi ams reported m their paper show 
changes m the “normal” direction (l e, the type seen in controls), 
differing from their conti ols m degiee but not m direction of change 
We have seen such changes (case 24) m several patients during attacks 
induced by exeition, but in oui analysis we have not considered an) 
changes “specific,” although they may well have been, unless the altera- 
tions were m the opposite dnection, or of an entirely different nature, 
from those seen in oui conti ol series It may be that the epinephrine 
dilates the coronary vessels and thereby masks the true nature of the 
electrocardiographic changes due to angina pectoris m itself 

3 The electrocardiogiaphic phenomena caused by inhalations of 
amyl nitrite are so diverse as to defy analysis at present Nothing can 

20 Mackenzie, Sir James Angina Pectons, Frowde, London, 1923 

21 Bellet, Samuel, and Batson, Oscar V Personal communication Unpub- 
lished experiments 

22 Levine, S A , Ernstene, A C , and Jacobson, B M The Use of Epi- 
nephrine as a Diagnostic Test for Angina Pectoris, Arch Int Med 45 191 (Feb ) 
1930 
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be said except that ani)l nitnte can cause profound changes in the 
electrocardiogram The blood piessuie, which is fiequently piofoundly 
depressed within fifteen seconds aftei inhalation of amyl nitnte usually 
rebounds to a le\ el of fiom 10 to 20 mm above its original one from 
fifteen to thn t} seconds after the inhalation has been stopped It seems 
unlikely theiefoie that lelief fiom anginal pam by nitrites depends on 
the diop of piessuie which the} pioduce- 3 F M Smith’s expeii- 
ments 21 showing that mtiites wall cause a wsible i eduction in the size 
of an ischemic area in the heait suggest a moie satisfactoiy explanation 
It is notewoithy in this connection that the two cases m our series in 
which tlieie was a fall of blood piessuie dui mg the attack gave a history 
of definite lelief by nitntes JG In one of them (case 22) inhalation of 
amyl nitnte was accompanied by a use of blood pressuie coincident 
with relief from pain 

4 The mechanism of death m angina pectoris has long been a 
matter of dispute Allbutt 1 explained it as a \agal auest of the heart 
Wenckebach 2 yaned this explanation somewhat Supporters of the 
coionar) hypothesis attnbute anginal death to ventricular fibrillation due 
to myocardial ischemia In this connection, a case of Sn William 
Osier’s 0 has always intei ested us This patient presumably died in an 
attack of angina pectons, yvhcreupon Oslei inseited a needle through 
the chest yyall into the heart and obseived a sloyv regular impulse trans- 
mitted to it, not like that yvhich might haye been expected to anse fiom 
a fibrillating heait No heart sounds yyeic lieaid at the time During 
our animal expei nnentation yye frequently obseiyed, as did Hooker," 0 
that yyhen the yentncles yyere fibrillating the auucles continued to beat 
rhythmically It seems quite possible that the rhythmic impulse Oslei 
observed yyas auucular in origin, and that this obseiy r ation can be fitted 
into the coronai y hypothesis 

5 It has long been knoy\n that theie aic in general, tyvo t}pes of 
angina yvith icgai d to the i elation of excition to the production of the 
attack These tyyo types more or less shade oft into one anothei, and 
theie is no definite line of demarcation betyyeen them Hoyyey r ei, at the 
tyvo exti ernes theie is. fiist, the t}pe that is quite icgukhly pioduced 
by a certain amount of met case in caidiac activity (exertion, excitement, 
etc ) and that subsides quite iapidlv yyhen this oy er-actmty of the heait 

23 Brunton L The Therapeutics of the Circulation, Philadelphia, P Blalus- 
ton’s Son &. Compam, 1908 

24 Smith, F M Tlie Action of Xitriles on the Coionan Cn dilation, Arch 
Int Med 28 836 (Dec) 1921 

25 One of these cases showed no electiocardiogiaphic change during the attack 
(case 22) , one show'cd specific change (case 14) 

26 Hooker, D R On the Recovers of the Heart m Electric Shock, Am J 
Piwsiol 91 305 (Dec 1) 1929 
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ceases (1 e at rest) Second, there is the type m which the attacks are 
paioxysmal, spaced far apart as a rule, and are not related to exertion 
but seem to come like a thunderbolt out of a clear sky This type 
usually lasts longer, is seveie, and is not so definitely and immediatel} 
relieved by rest All of our cases except one belonged to the first group 
The case in the second group (case 15) showed a slight but definite 
change in the electrocardiogram during the attack, (chart 12) Nitrites 
relieved this patient’s paroxysms, on a regimen of restricted activity 
and vasodilator medication he obtained complete freedom from attacks 
More cases of this type should be studied before deductions can be 
made as to the etiologic mechanism involved The case is specifically 
referred to at this time because electrocardiograms are not usuallv 
obtained in this type of patient during the attack 

6 The use of oui electi ocardiographic procedure to diagnose angina 
pectoris is not recommended Although there were no untoward 
occurrences m our series of cases, it is admittedly dangerous to induce 
anginal attacks indiscriminately Moreover, 50 per cent of cases give 
no diagnostic electrocardiographic phenomena, and the significance of 
changes that may appear m the ventucular complex is still open to ques- 
tion In a doubtful case, with a relatively healthy cardiovascular appa- 
ratus, an attempt to induce an attack by moderate exercise may be pei- 
missible and may yield important information, but the clinical 
observations are more likely to be significant fiom a diagnostic stand- 
point than the electrocardiographic phenomena 

7 We have attempted to deteinune whether any prognostic signifi- 
cance can be attached to the presence or absence of changes in the 
electrocardiogram during the attack of angina pectons There are so 
many other factors involved m the prognosis 7 that any attempt to pre- 
dict the outlook of a patient by such a proceduie alone would be ludic- 
rous However, it is noteworthy that m this series all of the five patients 
who died showed specific electi ocardiographic changes during their 
attacks A more prolonged obseivation of this group of patients is 
necessary before any significance can be attached to these observations 

SUMMARY 

Thirty cases of angina pectoris were studied electi ocardiographically 
before, during and aftei their attacks Fifteen showed temporary 
ventricular complex changes during the pam, which piobably cannot be 
explained by the exercise wduch produced the attacks nor by the changes 
in blood pressure and pulse rate wduch accompanied them 

The remaining fifteen showed no “specific” electrocardiogiaphic 
changes during their attacks 
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The sevent) of the pain did not seem to be the main factor that 
detei mined the piesence 01 absence of “specific” electiocaidiogiaphic 
change during an attack 

The relief of anginal pain by mtiites does not always seem to be 
dependent on the diop of blood pressuie which this group of diugs 
pi oduces 

Although theie weie no untowaid occunences m oui series of cases, 
we aie not prepaied at present to lecommend the electiocardiographic 
proceduie herein described as a diagnostic test m angina pectons 

The prognostic nnpoitance of “specific” electiocaidiogiaphic changes 
during attacks has not as ) et been detei mined 

In a series of dogs and cats, temporary intei feience with a part of 
the coionary circulation pioduced tempoiaiy and lapidly reversible 
changes in the electiocaidiogiam somewhat analogous to those seen 
during attacks of angina pectoris 

The factois that seemed to be important in the pioduction of these 
changes weie (a) the vessel that was occluded, ( b ) the size of the 
area of the m\ ocardium the blood supply of which was intei rupted, 
(c) the state of the heait befoie the vascular occlusion, ( d ) the duia- 
tion of the occlusion and (r) possibly the simultaneous obstiuction of 
accompaii) ing veins 

Experimental temporary coionary occlusion frequently produced 
no electrocardiographic change Therefore the absence of “specific” 
electiocaidiogiaphic change in fifteen patients during attacks of angina 
pectoris cannot be used as evidence that temporary myocaidial ischemia 
did not occui 

In cxpenmcntal coionni} occlusion, caidiac arrhythmia, which could 
be attributed to the circulatoiy disturbance in itself, was not a fiequent 
early phenomenon When it did occur, it seemed to be attributable to 
mechanical stimulation of the heait muscle by the mechanism producing 
the occlusion 

The evidence presented is in accord with the hypothesis that the 
majorit) of attacks of angina pectoris aie associated with a localized 
circulatoiy disturbance in the heart It does not rule out the possibility 
that other mechanisms mav produce paroxysms of piecordial or sub- 
steinal pain 

CtSES SHOWING SEVERE ATTACKS WITII “SPECIFIC” ELECTRO - 

C A.RDIOGRAPHIC CHANGE 

Case 1 — Sw Fr , a man, aged 67, gave a history of onset of anginal attacks 
in February, 1926 The paroxysms were caused by exertion and relieved by 
nitrites The blood pressure was 180 systolic and 80 diastolic The pulse rate 
was 80 There was enlargement of the heart to the left, systolic murmurs were 
audible at the apex and base The Wassermann reaction of the blood was nega- 
tne The patient died on Nov 16, 1928 
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On April 16, 1928, a typical attack of ten minutes’ duration was produced by 
the ascent of two flights of stairs The pain was severe, it was located beneath 
the upper part of the sternum, radiating to the left scapula and down both arms 
to the elbows The electrocardiogram taken before the attack showed left axis 
deviation, Ti and T 2 inserted, Ta flat During the attack, Ti became more 
deeply inverted, Tn became upright and Ta markedly upright The Ti change was 
the only definitely “specific” one No tracing was taken after the attack had 
subsided 

Case 2— F V C, a man, aged 67, gave a history of anginal attacks that 
began in November, 1928 The paroxysms were caused by exertion and relieved 
by nitrites The blood pressure was 120 systolic and 60 diastolic The heart 
was slightly enlarged to the left, there wms a soft systolic murmur at the apex 
In March, 1930, when the patient was last heard from, he was considerably worse 

On Sept 10, 1929, a typical attack of four minutes’ duration was produced 
by slowly and carefully stooping to the floor ten times The pain was severe, 
located at the apex, with no radiation Chart 5 show's the electrocardiographic 
tracings in this case 

Case 3— C E, a man, aged 65, had his first attack of angina pectoris ten 
days before his visit to our laboratory The paroxysms w'ere usually caused by 
exertion Nitrites were not given Three days after consulting us, he died in 
an attack 

On Dec 1, 1928, while the patient was at rest in the electrocardiographic 
room, shortly after the first tracing had been taken, an attack occurred spontane- 
ously The pain was severe, lasting fifteen minutes It was located beneath the 
upper third of the sternum , there was no radiation Chart 6 shows the electro- 
cardiographic tracings in this case 

Case 4 — S S, a woman, aged 40, had been suffering from attacks of angina 
pectoris for a year Her pain was caused by exertion and relieved by nitroglycerin 
(The inhalation of amyl nitrite produced a preliminary exaggeration of the pam 
of an attack, but relieved it subsequently ) The blood pressure was 105 systolic 
and 70 diastolic The heart was not enlarged There were no murmurs The 
Wassermann reaction of the blood was negative When the patient w r as last seen 
on April 22, 1930, her condition was unchanged 

On April 15, 1929, an attack of angina pectoris of ten minutes’ duration was 
produced by the ascent of three flights of stairs The pain was severe It began 
in the second left interspace 6 cm from the sternum, and radiated to the upper 
third of the sternum, to the third dorsal spine and down the left arm to the w r rist 
Chart 7 shows the electrocardiographic tracings in this case (The patient w'as 
studied in a similar attack a month later) 

Case 5 — M G, a woman, aged 55, had suffered from attacks of angina 
pectoris since January, 1929 Her paroxysms were usually caused by exertion 
and relieved by nitrites The blood pressure was 130 systolic and 40 diastolic 
The pulse rate was 80 There was considerable enlargement of the heart to the 
left, with signs of marked aortic liisufficienc) The Wassermann reaction of the 
blood was strongly positive The patient died m October, 1929 

On July 7, 1929, the patient experienced a spontaneous attack of angina pectoris 
of ten minutes’ duration w r hile she w r as at rest m the electrocardiographic labora- 
tory The pain w r as severe, and accompanied by some dyspnea, it w r as located in 
the second and third left interspaces, and beneath the upper third of the sternum 
During the attack the blood pressure rose to 160 systolic and 65 diastolic When 
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the patient was tree from pam, the electrocardiogram showed Ti, 2 mm , T : , 0 5 
mm , Ti, — 2 mm , it was normal in other respects During the pam the S-T 
mtenal in lead I became slightly depressed, Ti became flat, and the S-T interval 
m lead III became comexly curved upw ! ard The same phenomena appeared 
during an attack which was induced at a subsequent date 

C \se 6 — E A , a man, aged 38, first began to have attacks of angina pectoris 
three years previously The paroxysms were caused by exertion The adminis- 
tration of nitrites ga\e no relief The blood pressure was 110 systolic and 70 
diastolic There was slight cardiac enlargement to the left, the aorta was slightly 
dilated and increased in density No murmurs ware audible The Wassermann 
reaction of the blood was negatne 

On March 14, 1930, a typical attack of angina pectoris was produced by step- 
ping up on a chair fifty times The pam was severe, lasting for four minutes, it 
was located in the xyphoid region, and did not radiate During the attack the 
blood pressure rose to 1SS svstohc and 90 diastolic Chart S shows the electrocar- 
diographic tracings m this case 

C \se 7 — R S , a woman aged 59, began to ha\e attacks of angina pectoris two 
years previously The pain was produced by exertion Nitrites gave no relief 
The blood pressure was 170 systolic and 90 diastolic There was moderate enlarge- 
ment of the heart in the region of the left ventricle There were no murmurs, but 
the second sound at the aortic area was accentuated The Wassermann reaction 
of the blood was negatne 

On April 1 1930, a tvpical anginal paroxysm of four minutes’ duration was 
produced by walking slowh up six flights of stairs The pain was severe, it was 
located in the second and third left interspaces, with no radiation During the 
attack ot pam the blood pressure rose to 20S systolic and 90 diastolic The electro- 
cardiogram taken belorc the attack showed a tendency tow'ard left axis deviation, 
Ti 2 5 mm T , 0 5 mm T , — 1 5 mm During the attack Tj reduced in height to 
1 5 mm T- became diphasic — T remained — 1 5 mm The S-T interval became 
depressed in all three leads, particularly in lead II In this case the most marked 
“specific ’ change appeared thirty seconds after the pam had subsided 

C VSES SHOWING MODERVTE VXD MILD ATTACKS WITH "’SPECHTC'’'’ 
ELECTROC VRDIOGR VPIIIC CHANGE 

C\sr 8 — M T a man, aged 55, suffered from attacks of angina pectoris which 
were produced by exertion and relieved by nitrites The blood pressure was 175 
systolic and 100 diastolic The heart showed moderate enlargement m the region 
of the left ventricle The patient died Nov 18, 1929 

On Jan 10, 1929, a modcratelv severe paroxysm of pam of four minutes’ dura- 
tion was produced bv mild exercise The pam was located beneath the upper third 
of the sternum The electrocardiogram taken before the attack showed Ti, flat , Ti, 
— 3 mm , and T-, — 2 mm During the paroxysm Ti became — 2 mm, Ti remained 
— 3 mm with the S-T interval depressed, and T» became 1 mm 

CAsr 9 — H L, a man, aged 43, suffered from attacks of angina pectoris pro- 
duced by exertion The blood pressure was 130 systolic and 80 diastolic There 
was no cardiac enlargement The outcome in this case is unknown 

On Aug 9, 1929, an attack of angina pectoris was produced by running up five 
flights of stairs The pam, of moderate intensity, was located beneath the upper 
third of the sternum, and did not radiate Chart 9 shows the electrocardiographic 
tracings in this case 
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Casl 10 — B H , a man, aged 42, suffered from attacks of effort angina The 
administration of nitrites gave only slight relief The blood pressure was 130 
systolic and 85 diastolic There was no cardiac enlargement, the aortic arch was 
slightly widened , there were no murmurs When last heard from, on March 15, 
1930, the patient w as much worse, his attacks were moi e easily provoked and more 
severe 

On Oct 21, 1929, an attack of angina pectoris of two minutes’ duration was 
induced by stepping up on a chair thirty times The pain was located m the 
xyplioid region and was relatively mild in intensity The electrocardiogram taken 
before the attack showed Ti, 1 5 mm , T = , 2 mm , T-j, flat During the attack, the 
S-T interval in leads I and II showed a depression of 1 5 mm below the iso-electric 
line 

Case 11 — C A, a man, aged 48, gave a lnstor\ of the onset of attacks of 
angina pectoris one month before consulting us The paroxysms were produced 
by exertion, and considerably alleviated by nitrites The blood pressure was vari- 
able, on one occasion it was recorded as 135 systolic and 70 diastolic, on another, 
200 systolic and 180 diastolic The heart was slightly enlarged to the left The 
patient died in November, 1929 

On Nov 19, 1928, the patient was studied in two attacks The first arose 
spontaneously, the second was induced by stepping up on a chair twelve times In 
both attacks the pain was mild , it w'as located to the left of the sternum, in a 
band extending from the second to the fifth interspaces, with slight radiation to 
the left arm During the pain the blood pressure was 175 systolic and 110 
diastolic, after the attack had subsided it was recorded as 150 systolic and 100 
diastolic The electrocardiographic tracings taken when the patient was free from 
pam showed a left axis deviation Ti, 2 mm , T_, 2 mm , Ts, 1 5 mm The S-T 
interval in lead II w'as depressed 1 mm During the pam the S-T interval m lead 
I became slightly depressed , in lead II it was depressed 2 mm , T. became slighth 
diphasic, and T 3 became 3 mm 

Case 12 — S Fr, a man, aged 38, had been suffering with mild attacks of 
angina pectoris for one month The pam was produced by exertion, mtiites w'ere 
not used The blood pressure was 110 systolic and 64 diastolic The heart showed 
moderate generalized enlargement There were no murmurs The Wassermann 
reaction of the blood W'as negative When the patient w'as last heard from on 
April 1, 1930, the attacks had disappeared but he had restricted his activity 
considerably 

On April 10, 1929, an attack of moderate intensity' v r as produced by the rapid 
ascent of ten flights of stairs The pam was located at the cardiac apex and in 
the epigastrium During the attack the blood pressure rose to 140 systolic and 80 
diastolic Chart 10 shows the electrocardiographic tracings in this case 

Case 13 — W D R, a man, aged 50, began to ha\e attacks of angina pectoris 
three years previously The paroxysms were produced by exertion Nitrites 
w'ere not used The blood piessure was 140 systolic and 95 diastolic There w'as 
no detectable cardiac enlargement, nor aortic dilatation There were no murmurs 
the aortic second sound was accentuated, however When the patient w'as last 
heard from, on Feb 17, 1930, there had been no change in his condition 

On Dec 16, 1929, a brief but definite sense of substernal constriction, which 
lasted forty-five seconds, w r as produced by stooping to the floor forty times 
During the episode, the blood pressure was 145 systolic and 80 diastolic The 
electrocardiogram, taken before the attack show ed T , flat , T-, flat T=, 0 5 mm , 
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and left axis deviation During the attack Ti became 1 5 mm and T-, 5 mm with 
the S T interval depressed 1 mm , and T„, 2 mm Immediately after the attack Ti 
and T 2 became diphasic, and T„ became sharph inverted, — 3 mm 

Case 14 — J A, a man, aged 54, had suffered with paroxysms of angina 
pectoris for eighteen months They were usually produced b} exertion, but some 
attacks occurred during rest The blood pressure was 150 sjstohc and 100 diastolic 
The cardiac contour and size were normal Systolic murmurs were audible at the 
apex and base The outcome of this case has not been determined 

On April 29, 1930, an attack of pain of moderate intensity and of four minutes’ 
duration was produced bv stepping up on a chair sixteen times The pain was 
located beneath the midsternum and did not radiate During the paroxysm the 
blood pressure tell to 140 systolic and 100 diastolic, and continued to fall to 125 
sjstolic and 100 diastolic, ten minutes after the attack Chart 11 shows the 
electrocardiographic tracings of this case 

Case 15 — S H , a man, aged 58, had suffered with paroxjsms of angina pectoris 
for nine 3 ears The attacks were not definitely related to exertion, but they came 
on without warning were very severe, and lasted from twenty to forty-five 
minutes Nitrites gave relief The blood pressure was variable, being recorded as 
133 svstohc and 70 diastolic at one time, and 165 systolic and 105 diastolic at 
another There was no cardiac enlargement A S 3 Stolic murmur was heard at 
the apex When last heard from, March 20, 1930, the patient was completely free 
from attacks, living a life of moderately restricted activity 

On Mav 23, 1929 while the patient was sitting quietly in bed in the ward, a 
severe attack of pain developed It was located beneath the entire length of the 
sternum, but was most severe beneath the lower part The duration of the attack 
was tvventv minutes During the paroxysm the blood pressure was 155 systolic 
and SO diastolic After the pain subsided, it was 138 svstohc and 70 diastolic 
Chart 12 shows the electrocardiograms of this case 

CASES SHOWING SEVERE ATTACKS WITH NO "SPECiriC” 
ELECTROCARDIOGR \PHIC CHANGE 

Cvse 16 — C B , a man, aged 47, gave a historv of onset of anginal attacks on 
Jan 1, 1929 The pam vv as caused b> exertion, but not relieved by nitrites The 
blood pressure was 130 s)Stolic and 80 diastolic The pulse rate was 110 There 
was slight enlargement of the heart to the left, and considerable aortic dilatation 
No murmurs were audible The Wassermann reaction of the blood was negative 
When the patient was last heard from in March, 1930, there was no change m his 
condition 

On April 26, 1929, the patient walked into the electrocardiographic laboratory 
in an attack of pam caused bv walking one square The pam was located m the 
second left interspace, 5 cm from the sternum, and radiated to the sternum, to the 
epigastrium and to the left shoulder and the scapula The pam was severe and 
continuous for twent} r minutes, it then gradually lessened, but did not entirely dis- 
appear for an hour During the paroxysm the blood pressure was recorded as 
145 svstohc and 95 diastolic The electrocardiogram taken during the anginal 
attack showed fairly small Q-R-S complexes, a tendency to left axis deviation Tj 
2 mm , T», 3 mm , and Ta, 0 5 mm , with a cardiac rate of 140 After the attack 
there was practically no change in the tracing except a reduction of rate to 110 

C\sn 17 — E H, a man, aged 61, suffered with attacks of angina pectoris pro- 
duced b} exertion or excitement The blood pressure m the right arm was 140 
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systolic and 90 diastolic, m the left arm, 95 systolic and 70 diastolic The pulse 
rate was 95 There was no definite cardiac enlargement, but the aorta was mark- 
edly dilated No murmurs were heard The results of the Wassermann test of 
the blood were not reported to us 

In November, 1928, the patient was studied m an attack produced by walking up 
seven flights of stairs The pain was severe, and lasted for eight minutes It 
began near the left nipple, radiated to the midsternal region, down to the epigas- 
trium, out to the left shoulder and down to the middle of the forearm The elec- 
trocardiogram taken before the attack showed a tendency to low Q-R-S complexes, 
(highest 5 mm ) , Ti, 2 5 mm , T:, 2 mm , Ta, flat During the pam, the tracing 
showed Ti, 2 5 mm , T«, 3 mm , Ts, —05 mm (This slight inversion m lead III 
was not considered marked enough to constitute a definitely “specific” change ) 

(^asc 18 — J F, a man, aged 50, gave a history of the onset of attacks of 
angina pectoris two months previously The paroxysms were produced by exer- 
tion , they were not relieved by nitrites The blood pressure was 125 systolic and 
80 diastolic When last heard from in March, 1930, he was considerably improved 

On July 25, 1929, a typical attack of angina pectoris was produced by walking 
up three flights of stairs The pam was severe and lasted for five minutes, it 
was located beneath the middle third of the sternum, with no radiation During 
the paroxjsm the blood pressure rose to 160 systolic and 100 diastolic The 
electrocardiogram taken before the attack was entirely normal , Ti, 2 5 mm , T», 
2 5 mm , Ta, flat During the pam the tracing showed Tj, 2 5 mm , Ts, 3 mm , 
Ta, flat 

Cast 19 — E C, a woman, aged 53, had suffered with attacks of angfna 
pectoris for two jears They were produced by exertion, and rehe\ed by nitrites 
The blood pressure was 200 sjstohc and 80 diastolic There was moderate 
enlargement of the heart m the region of the left ventricle, the aoita was slightly 
dilated No murmurs were audible, but the aortic second sound was accentuated 
The Wassermann reaction of the blood was negative When last heard from in 
“kpril 1930, the patient was considerably worse 

On Nov 25, 1929, a tjpical attack of angina pectoris of five minutes’ duration 
was produced by walking up two flights of stairs There was severe pam near 
the apex of the heart, radiating upward, and to the midsternal region The elec- 
trocardiogram taken before the attack showed marked slurring of the Q-R-S com- 
plexes, with a duration of 0 11 seconds, T,, 0 5 mm , T», 1 5 mm , Ta, flat During 
the attack, Ri diminished in height and Ra increased in height, but there was no 
change whatsoever in the T wares Frequent ventricular extrasystoles appeared 
during the pam, and lasted for some time after the pain had subsided 

Casi 20 — W M B, a man, aged 40, began to have attacks of angina pectoris 
six weeks previously Tlie pam was produced by exercise The blood pressure 
was 145 systolic and 90 diastolic The heart was not enlarged There were 
adhesions between the pericardium and diaphragm near the cardiac apex When 
last heard from on Feb 28, 1930, the patient was much improved 

In January, 1930, an attack of angina pectoris was produced by four minutes of 
strenuous setting-up exercises The pain was moderately severe and lasted for 
four minutes, it was located in the xyphoid region, and in the ulnar side of each 
forearm, but was more marked on the left The blood pressure during the 
attack was recorded as 165 sjstohc and 100 diastolic The electiocardiogram taken 
before the paroxysm showed Ti, 1 mm , T», 1 mm , T 3 , — 1 mm During the 
pain the tracing showed Ti, 0 5 mm , T-, 1 mm , T-, 0 5 mm 
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Case 21 — G K , a roan, aged 43, had a historj of attacks of effort angina, not 
definitely influenced by the administration of nitrites The blood pressure was 170 
systolic and 110 diastolic There was considerable cardiac enlargement The 
'patient has not been heard from since this examination 

On Sept 5, 1929, an attack of angina pectoris was produced by walking up two 
flights of stairs The pain was quite severe, being located in the region of the 
apex of the heart, and radiating across the lower part of the chest During the 
attack the blood pressure was 190 systolic and 110 diastolic, some alternation of 
strength was noted m the various beats The electrocardiogram taken before the 
attack showed marked left axis deviation , Ti, diphasic , Ts, 1 mm , Ta, 1 5 mm 
During the pam the tracing showed Tj, slightl} diphasic, with a height of 
1 5 mm , Ts, IS mm , and Ta, 1 5 mm 

Case 22 — J I, a man, aged 67, ga've a history of onset of attacks of angina 
pectoris on April 18, 1929 The pam was produced by exertion and relieved by 
nitrites The blood pressure was 105 systolic and 80 diastolic The heart was not 
enlarged, the aoita was markedly sclerotic, no murmurs were heard On April 
15, 1930, when last heard from, the patient was improved 

On March 10, 1930, an attack of angina pectoris w r as induced by walking 
around the room swinging the arms The pain was severe, and lasted for four 
minutes It began in the epigastrium, radiated up across the chest to both 
shoulders and down both arms to the elbow's It w^as more intense on the left 
The blood pressure during the pain fell to 65 sj stolic and 50 diastolic , during the 
inhalation of arml nitrite it rose to 70 systolic and 50 diastolic, later, after the 
attack had subsided, the blood pressure was recorded as 85 systolic and 70 
diastolic The electrocardiogram taken before the attack showed left axis devia- 
tion Ti, 0 5 mm , Ts, 2 mm , Ta, 0 5 mm During the pain it showed Ti, 
0 5 mm , Ts, 2 5 mm , T s , 0 5 mm The patient was subsequently studied in 
another attack caused by walking up two flights of stairs, and m this attack the 
observations were similar to those reported above 

CVSES SHOWING MILD ATTACKS WITH NO ‘ SPECIFIC” ELECTRO- 
CARDIOGRAPHIC CHANGE 

Case 23 — R C B, a man, aged 58, began to have attacks of angina pectons 
three months before he consulted us They w r cre produced by exertion and relieved 
by nitrites The blood pressure was 145 systolic and 100 diastolic The heart was 
not enlarged, a soft systolic murmur was heard at the apex In March, 1930, 
w'hen last heard from, the patient was m about the same condition as when we 
saw him 

O 11 July 20, 1928, a mild attack of pam, lasting for one minute, was produced 
near the left scapula by stepping up on a chair thirty times The electrocardiogram 
taken before the attack showed Ti, — 1 mm , Ts, 1 5 mm , Ti, 3 mm During the 
attack it showed T : , — 0 5 mm , Ts, 2 mm , T-, 2 5 mm 

Case 24 — M Z , a man, aged 45, with a history of attacks of effort angina, was 
studied in an attack in December, 192S The pam, caused by walking up three 
flights of stairs, was of moderate intensity and was located under the sternum An 
electrocardiogram taken before the attack showed T 1; 4 mm , Ts, 3 mm , Ts, 
— 2 mm During the pain the tracing showed Tj, 2 mm , Ts, 4 mm , Ta, 3 mm 
(This change rmght almost be classed as “specific,” m view of the pronounced 
alteration resulting from relatively mild exertion, but it is not entirely different in 
^character from that seen 111 some control tracings ) 
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Case 25 — M N , a man, aged 69, began to have attacks of angina pectoris one 
year before we saw him The paroxysms were caused by exertion and relieved b> 
nitrites The blood pressure was 180 systolic and 90 diastolic The patient had a 
history of a long-standing moderate hypertension There was slight enlargement 
of the heart in the region of the left ventricle and dilatation of the aortic arch 
When last heard from, m March, 1930, the patient showed no change m his 
condition 

On Sept 9, 1929, an attack of mild pain of two minutes’ duration was induced 
by walking up one flight of stairs The pain was located m the second left inter- 
space, and did not radiate During the attack the blood pressure was recorded as 
200 systolic and 115 diastolic The electrocardiogram taken before the attack 
showed Ti, 2 5 mm , T = , — 2 5 mm , T-, — 3 mm During the attack, it showed 
Ti, 2 mm , Ts, — 1 5 mm , Ta, — 2 5 mm 

Case 26 — S W, a man, aged 49, had suffered from' attacks of effort angina 
for three years The blood pressure was 110 systolic and 65 diastolic, the heart 
was slightly enlarged to the left, there was a soft apical systolic murmur The 
patient has not been heard from since the following study was made 

In October, 1929, an attack of angina pectoris of three minutes’ duration was 
induced by the ascent of two flights of stairs The pain was of moderate inten- 
sity, it was located beneath the sternum, and did not radiate The electrocardio- 
gram taken before the attack showed left axis deviation Tj, 1 mm , T», 3 mm , 
T , 2 mm During the attack Tx was 0 5 mm , T», 3 5 mm , Ta, 3 mm 

Case 27 — M G , a woman, aged 56, began to have attacks of angina pectoris m 
January, 1929 The pain was produced by effoit, the effect of nitrites was not 
determined The blood pressure was 215 systolic and 115 diastolic There was 
moderate cardiac enlargement in the region of the left ventricle, the aorta was 
dilated, and the aortic second sound accentuated The Wassermann reaction of 
the blood was negative When last seen, m March, 1930, the patient stated that 
she was free from attacks 

On July 12, 1929, an attack of angina pectoris was induced by stepping up on 
a chair eight times The pain, which was of moderate intensity, was located 
beneath the upper third of the sternum, and lasted one minute During the 
paroxysm the blood pressure was recorded as 255 systolic and 120 diastolic The 
electrocardiogram taken before the attack showed left axis deviation Tj, 1 5 mm , 
Ta, 2 mm , T 3 , 0 5 mm During the pain, the tracing showed Tj, 1 5 mm , 
Ta, 2 mm , Ta, 0 5 mm 

Case 28 — T E S, a man, aged 49, with a history of angina pectoris, was 
studied in an attack m November, 1928 The pain was induced by the ascent of 
one flight of stairs , it was mild, located m the upper sternal region and lasted for 
two minutes 

An electrocardiogram taken before the pain showed Ti, 1 mm , Ta, 2 mm , 
Ta, 0 5 mm During the pain, the tracing showed Ti, 1 5 mm , Ta, 2 mm , 
Ta, 0 5 mm In March, 1929, the patient’s condition was reported unchanged 

Case 29 — I S , a man, aged 70, reported that the onset of his anginal attacks 
had occurred five years before he consulted us They were produced by effort 
and relieved by nitrites The blood pressure was 210 systolic and 100 diastolic 
The heart was not enlarged nor the aorta dilated, despite a long-standing hyper- 
tension In March, 1929, the patient’s condition was reported to us as much 
improved, the attacks of pain had practicallv ceased 
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On Nov 28, 1929, the patient came into the electrocardiographic laboratory 
with a spontaneous attack of moderate substernal distress, which radiated to the 
left shoulder and arm, and which lasted for three minutes The electrocardiogram 
taken when the patient was free from pain showed Ti, 1 5 mm , T 2 , 2 5 mm , 

T 3 , 1 111 m During the attack, Ti was 1 5 mm , Ts, 2 5 mm , Ts, 1 mm 

Cask 30 — F J L , a man, aged 43, reported that the onset of lus anginal 
attacks had occurred one month previously They were produced by exertion or 
excitement , the effect of nitrites had not been determined The blood pressure 

was 125 systolic and 70 diastolic The heart was of normal size and shape There 

were systolic murmurs at the apex and base His condition was reported to us 
111 April, 1930, as unchanged 

On Feb 26, 1930, an attack of angina pectoris was induced by the ascent of 
eight flights of stairs at a rapid walk There was moderate substernal discomfort 
which lasted for one minute The electrocardiogram taken before the attack 
showed Ti 15 mm , T : , 1 mm Ta, — 0 5 mm During the pain the tracing 
showed Ti, 2 mm , T : , 3 5 mm , Ta, 1 mm 

(In all cases, except those m which a statement to the contrary is made, elec- 
trocardiograms were taken after the attack had subsided and were identical with 
the control tracing taken before the pain began ) 



BASAL METABOLIC RATE OF MEDICAL STUDENTS 
AND NURSES IN TRAINING AT 
CHARLESTON, S C * 

ROE E REMINGTON, PhD 
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F BARTOW CULP, BS 

CHARLLSTON, S C 

Studies on the basal metabolic late in tiopical and subtiopical cli- 
mates have been made by de Almeida , 1 Sundstroem , 2 Hafkesbrmg and 
Borgstrom , 3 Tilt 4 and others The conclusion is lathei general that 
metabolism is somewhat lowei in waimei climates Tempeiature is 
usually assumed to be the conti oiling factoi, but McConnell and Yaglo- 
gou 5 found that when men were placed in heated chambeis, the change 
in basal metabolic rate was maiked only when the mciease m tempera- 
ture and humidity was sufficient to break down the legulatmg mechan- 
ism of the body , then metabolism inci eased 

Lowered intake of piotem has also been supposed to explain lower 
metabolism m the tiopics, but Bioohs G showed that among college stu- 
dents dietaiy habits as to protein at New Oi leans aie not diffeient from 
those at Cleveland 01 at Chapel Hill, N C 

Although the determination of the metabolic late is most used clin- 
ically as an indication of the degree of actnity of the thyroid, a gland 
the function of which is known to be affected by seveial factors other 
than climate, attempts to coil elate or lule out diffeiences m arailable 
iodine m the envuonment have not been made 

Conditions resulting from a lack of iodine in fetal life and duung 
infancy, namely, enlaigement of the thyioid, myxedema and cietmism, 
are known to bring about a lowei mg of the basal metabolic late 
According to Plummer , 7 the diffuse colloid goitei is least guilty m this 

Submitted for publication, Sept 8, 1930 

"From the Department of Nutrition, Medical College of the State of South 
Carolina and the Laboratory of the South Carolina Food Research Commission 

1 de Almeida, AO Le metabolisme de l’homme tropical, J de phvsiol et 
de path gen 22 12, 1922 

2 Sundstroem, E S Umv California Publ Physiol , 1926, vol 6 

3 Hafkesbrmg, R, and Borgstrom, P Am J Phjsiol 79 221, 1926 

4 Tilt, J J Biol Chem 86 635, 1930 

5 McConnell, W J , and Yaglogou, C P Pub Health Rep 39 3075, 1924 

6 Brooks, F P Am J Physiol 89 403, 1929 

7 Plummer, quoted by Du Bois, E F Basal Metabolism, Philadelphia, Lea 
& Febiger, 1927, p 288 
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xespect bringing about a lowering of from S to IS per cent Xererthe- 
Iess since this condition is much more common than either of the 
others it has been used as an index of the deficiency of iodine m the 
environment of the people m different areas The widely quoted studies 
of Olesen s on men drafted for military service m the United States 
showed that enlarged thyroids are least common m the southeastern 
part of the country Systematic examinations of school children have 
been made in many places where goiter is known to be endemic and 
there are schools m some parts of the country where practically even- 
child has an enlarged thyroid Examinations usually have not been 
made in areas w here goiter is not a problem although Hayne 9 reported 
the results of the examination of 17 600 school children by county 
iiealth oFicers in twentv counties of South Carolina 


T -azz 1 — 1 ci, *craUirc Cud RcJctnc Huh >cht_ a f CLarlestor, S C 


* 

Temper'' ture Means 

Pdative Hum’chty, 

p^r Cent 

Month 

Maximum 

Minimum 

Mo'ith 1r * 

Sam 

12 30 p m 

S p in 

Xrurbc” of Yea-- 

7 ; 

Z/j 

-£) 

41 

12 

41 

tacuary 

37 0 

42-S 

-ft 2 

SI 

6C 

7G 

Pebmarr 

ZOb 

ii b 

32 0 


C-4 

75 

March 

C5 5 

'0 2 

57 5 

70 

G2 

75 

vp-n 

72.0 

57 1 

04 7 

75 

Cl 

74 

Ma- 

75 0 

Cb 7 

72 S 

75 

CO 

<0 

rune 

S3-! 

72 .4 

75 0 

* i 

0b 

t 5 

Tu’v 


75 0 

SI -5 

70 

cs 

so 

Ac. suit 

S7A 

74 C 

$/) o 

$2 

cs 

so 

Q ep*'emt-r 

S2 r 

70 7 

7G7 

S3 

C5 

so 

OctoVr 

T- b 

C0.S 

07 0 

SO 

C2 

77 

Xovember 

Cf f i 

30 7 


70 

Cl 

75 

D-cr rater 

r 

'4 i 

31 

SI 

65 

70 

Tea- 

77 1 

."in 

CO 1 

70 

C4 

77 


Since it is not improbable that many persons m an area deficient m 
,o dive can be affected to an extent that v ould not be detected on palpa- 
tion of the gland and since practically all standards of metabolic rate 
have been developed m regions where goiter is more common than it 
is m South Carolina the present stud} v.as undertaken m the hope that 
it might add to know ledge of this subject From tins point of view 
the results are disappointing as they show a clues for both men and 
women around 10 per cent below those of the Russell Sage Institute 
or the Majo Foundation 10 They are however of sufficient interest to 
be presented 

Situated on the coast and m near proximity- to the Gulf Stream 
Cha-leston has a mean annual temperature of 66 1 F and a mean rela- 

? OIcscp Robert Pud Healtn Rep 42:3ISQ 192 7 

9 Ha : -ne J A Am J Pub Health 19:1111 1929 

TO Boofhrr W M , ana Sard ford I Thi-teenth International Pnysic'ogical 
Congress, Boston Aug 19-24 1929 
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tive humidity of 77 per cent Meteiological data furnished by the U S 
Weathei Bureau are given m table 1 

Our subjects were normal healthy young men and women The 
nurses were requited to undeigo a physical examination before being 
accepted for training, and minor defects were remedied as soon as prac- 
ticable after admission The men weie members of the second and 
third year classes m medicine In all, nmety-thiee women and forty 
men were used 

Our apparatus was the Roth modification of the Benedict machine 
with Collins’ kymograph Alcohol checks on this apparatus yielded the 
following values 98 5, 100 1, 98 9, 101 4, 99 7 , with an average of 
99 72 per cent of the theoretical amount of heat evolved We adhered 
closely to the standard procedure as to the previous pieparation and 
handling of our subjects We were able to make three determinations 
on each subject on successive days, so that the total numbei of separate 
determinations leported is 388 

The data are presented in detail m tables 2 and 3 and summarized 
m table 4 

Tilt 4 reported an average value of 33 4 calories per square metei 
of body surface per hour for a series of fifty-two students at the 
Florida College for Women, between the ages of 17 and 25 This cor- 
responds to a deviation of — 10 6 per cent from the Aub-Du Bois stand- 
ard Tilt expressed the opinion that this is evidence that people in the 
south have a lower metabolism than those living in the more severe 
climate of the north Conklin, 11 however, in a study of the relationship 
of the menstrual cycle to the basal metabolic rate, made daily determina- 
tions on a series of ten young women at the University of Minnesota 
for a period of a month oi more each Her work was done between 
October and March at a place with a seveie wintei climate, and the 
average of all her deteimmations showed a deviation of — 10 5 per cent 
from the standard (table 5) In conti ast to this result, Gustafson and 
Benedict 12 found 35 9 calories per square meter of body suiface pel 
hour, corresponding to a deviation of — 3 per cent, for a group of 
twenty students at Wellesley College It hardly seems probable, then, 
that the low values which we obtained aie climatic 

Since it was suggested that some of these low values might be due 
to malnutrition, we compared the weight of all oui subjects and those 
of Tilt with the standaid tables of the Life Extension Institute Of 
the fifty-two subjects studied by Tilt, thuty-two weie undei weight and 
twenty overweight foi their height and age, the average deviation being 

11 Conklin, C , and McClendon, J F Basal Metabolic Rate in Relation 
to Menstrual Cycle, Arch Int Med 45 125 (Jan ) 1930 

12 Gustafson, F L, and Benedict, F G Am J Physiol 86 43, 1928 



Table 2 — Basal Metabolism of Student Nmses 







Calories 

Deviation from 



Height, 

Weight, 

Dates, 

per Sq Meter 

Aub Du Bois 

Subject 

Age 

Cm 

Kg 

1929-1930 

per Hour 

Standard, per Cent 

42 

22 

ICO 

45 

October 4 

33 5 

— 95 





5 

3 31 

—10 5 





7 

34 5 

— 68 

42 

22 

1G3 

5S 

October 4 

3GS 






5 

34 2 

— 7 3 





G 

35 4 

— 43 

41 ) 

21 

15S 

47 

October S 

31 3 

—15 4 





9 

31 S 

—14 0 





10 

31 2 

—15 7 

n 

21 

ICO 

GS 

October 9 

34 0 

— 81 





10 

312 

—13 0 

54 

20 

15S 

53 

October 11 

29 9 

—19 2 





12 

25 8 

—30 3 





14 

29 7 

—19 7 

55 

21 

133 

45 

October 11 

37 4 

+ 1 0 





12 

33 2 

—10 3 





14 

30 7 

—17 3 

CO 

21 

170 

3G 

October 15 

316 

—14 5 





16 

32 9 

—11 1 





17 

318 

—14 0 

Cl 

21 

1C2 

4S 

October 15 

30 8 

—16 7 





16 

31 5 

—14 8 





17 

33 6 

— 92 

CO 

20 

loo 

49 

October 22 

29 9 

—19 2 





23 

316 

—14 6 

70 

21 

159 

59 

October 21 

37 4 

+ 1 1 





22 

35 9 

— 30 





23 

31 9 

—14 0 





25 

34 2 

—10 0 





26 

35 4 

— 68 

7S 

19 

ICO 

4S 

October 24 

3G1 

— 50 

S3 

24 

r>c 

54 

October 24 

34 9 

— 57 





25 

34 0 

— 81 





26 

33 5 

— 95 

S7 

34 

15G 

01 

October 2S 

36 6 

+ 02 





29 

3GS 

+ 08 





SO 

33 3 

— SS 

SS 

19 

1C1 

52 

October 2S 

35 6 

— 63 





29 

35 9 

— 55 





30 

37 5 

— 13 

'JO 

19 

15S 

50 • 

October 31 

318 

—15 2 





November 1 

33 7 

—101 





2 

32 5 

—13 3 

100 

21 

ICO 

52 

November l 

32 7 

—116 





2 

31 9 

—13 8 





3 

31 3 

—15 4 

107 

19 

1GS 

33 

November 4 

34 8 

— 72 





5 

34 4 

— 83 





7 

32 4 

—13 6 

10S 

21 

15G 

49 

November 4 

33 4 

— 97 





5 

35 8 

— 32 





7 

361 

— 24 

122 

23 

16S 

3S 

November 11 

31 9 

—13 8 





12 

313 

—15 4 





13 

30 9 

—16 5 

123 

21 

1C3 

5G 

November 11 

371 

+ 03 





32 

3G4 

— 16 





13 

34 5 

— 72 

131 

IS 

163 

G1 

November 14 

32 3 

—15 0 





13 

29 0 

—23 7 





16 

31 S 

—16 3 

132 

21 

1G4 

49 

Nov ember 14 

37 S 

+ 23 





15 

38 3 

+ 34 





16 

36 5 

— 1 4 

140 

23 

1C1 

GO 

Nov ember 18 

35 2 

— 4 0 





19 

35 6 

— 38 
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Calories 

Deviation from 



Height, 

Weight, 

Dates, 

per Sq Meter 

Aub Du Bois 

Subject 

Age 

Cm 

Kg 

1929-1930 

per Hour 

Standard, per Cent 

141 

IS 

105 

G1 

Noi ember IS 

38 2 

+ 19 





19 

30 5 

— 27 





20 

38 0 

+ 29 

149 

18 

1GS 

5G 

N05 embpr 22 

331 

—12 9 





23 

32 8 

—13 9 





24 

331 

—12 9 

150 

20 

151 

5S 

November 22 

32 8 

—11 4 





23 

33 3 

—10 0 





24 

30 8 

— 04 

158 

20 

104 

40 

November 25 

37 3 

+ 08 





2G 

382 

+ 32 





27 

35 9 

— 31 

104 

19 

101 

51 

Nm ember 28 

40 7 

+ 85 





29 

3G 3 

— 32 





30 

38 5 

+ 20 

10G 

22 

170 

01 

November 29 

35 4 

— 43 





30 

33 4 

— 97 





December 1 

33 8 

— 87 

173 

22 

1G4 

75 

December 2 

34 0 

— 81 





Q 

321 

—13 3 





4 

33 0 

— 92 

174 

22 

159 

50 

December 2 

32 0 

—12 0 





3 

33 3 

—10 0 





4 

331 

—10 5 

ISC 

31 

150 

47 

December 5 

35 9 

— 16 





0 

351 

— 38 





7 

34 7 

— SO 

184 

32 

157 

75 

December 5 

38 0 

+ 58 





0 

34 2 

— 63 





7 

32 S 

—10 2 

192 

24 

170 

55 

December 9 

32 8 

—114 





10 

29 8 

—19 5 





11 

30 3 

—181 

193 

21 

1G0 

52 

December 9 

35 4 

— 43 





10 

34 4 

— 70 





11 

30 0 

— 1 1 

201 

19 

170 

57 

December 12 

34 0 

— 93 





13 

35 0 

— 07 





14 

37 4 

— 03 

203 

24 

170 

105 

December 12 

33 3 

—10 0 





13 

30 3 

—181 





. M 

29 8 

—19 4 

210 

20 

15S 

5S 

December 1G 

35 9 

— 43 





17 

34 5 

— SO 





lb 

341 

— 91 

211 

2S 

10S 

02 

December 10 

35 5 

— 40 





17 

33 7 

— 89 





IS 

37 5 

J- 14 

213 

19 

105 

48 

December 17 

35 5 

— 53 





IS 

30 7 

— 21 





19 

30 0 

— 40 

219 

22 

107 

54 

December 19 

32 9 

—11 1 





20 

312 

—15 7 





21 

33 8 

— 87 

220 

20 

104 

51 

December 19 

34 2 

— 75 





20 

32 0 

—11 9 





21 

30 3 

— 1 9 

225 

25 

153 

48 

December 22 

35 4 

— 4 3 





23 

318 

—14 0 





24 

33 3 

—10 0 

220 

19 

170 

03 

December 22 

29 2 

—21 0 





23 

29 9 

—19 2 

231 

22 

104 

59 

December 20 

38 0 

+ 43 





27 

34 0 

— SI 





28 

321 

—13 2 

232 

20 

101 

52 

December 20 

32 7 

— 11 G 





27 

30 9 

—16 5 





2S 

30 0 

—17 3 
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Subject 

Age 

Height, 

Cm 

23S 

22 

102 

230 

20 

103 

24 i 

20 

170 

245 

19 

103 

230 

20 

100 

251 

20 

133 

259 

18 

150 

2G0 

IS 

1G4 

2GS 

20 

103 

209 

20 

102 

277 

IS 

100 

27S 

IS 

1G3 

2S7 

20 

100 

2S9 

22 

175 

207 

19 

1GG 

29 S 

19 

102 

30G 

21 

103 

SO 7 

21 

15S 

322 

20 

100 

323 

20 

159 

331 

20 

160 

332 

22 

138 

339 

22 

174 


Weight, 

Dates, 

Kg 

1929-1930 

40 

December 30 
31 

IS 

December 30 
31 

January l 

GO 

January 3 

4 

5 

03 

Janunrj 3 

4 

5 

GS 

January 0 
7 
S 

54 

January 0 

7 

8 

00 

January 9 
10 
11 

52 

January 9 
10 
11 

32 

January 13 

14 

15 

77 

Januarj 13 

14 

15 

JO 

Janunrj 10 
17 
IS 

09 

January 10 
17 
IS 

49 

Januarj 20 
21 
22 

102 

Januarj 20 
21 
22 

02 

January 23 
24 
23 

02 

J anuary 23 

24 

25 

Go 

Januarj 27 
2S 
29 

00 

January 27 
2S 
29 

30 

J ebruarj 3 

4 

5 

49 

February 3 

4 

5 

59 

February G 

7 

S 

S 

71 

February 0 

7 

S 

7S 

Februarj 10 
11 
12 


Oalorjes Deviation from 
per Sq Meter Aub Du Bois 
per Hour Standard, per Cent 


32 3 

—12 7 

34 2 

— 7G 

34 0 

— 0 5 

32 3 

—12 7 

34 5 

— OS 

34 8 

— 70 

419 

+13 2 

38 0 

+ 27 

30 7 

— 21 

39 5 

+ 53 

30 4 

— 29 

33 7 

— 89 

310 

—16 2 

28 4 

—23 2 

34 G 

— 05 

34 S 

— 59 

34 4 

— 70 

37 7 

— 08 

39 4 

+ 37 

35 S 

— 58 

53 2 

+40 0 

37 9 

0 

40 3 

-r 59 

32 4 

—12 4 

2S9 

—219 

28 9 

—21 9 

37 S 

+ 22 

30 0 

— 10 

30 9 

0 

3S2 

0 

34 9 

— S3 

35 5 

— GO 

34 0 

— 90 

3G2 

- 48 

37 2 

— 21 

37 7 

+ 10 

37 S 

+ 21 

37 0 

00 

35 3 

— 4C 

35 2 

— 51 

37 2 

“r* 0 5 

39 8 

+ 60 

40 8 

j- ss 

39 2 

+ 4 o 

32 8 

—12 5 

31 4 

— S 4 

S3 7 

— 10 1 

3G3 

— 19 

30 S 

— 05 

35 8 

— 33 

37 3 

+ 08 

>1 0 

—13 5 

33 0 

— 92 

37 3 

+ 08 

35 1 

— 51 

341 

— 78 

29 3 

—20 2 

31 5 

—14 9 

29 5 

—20 2 

34 2 

— 70 

33 8 

— S 7 

321 

—13 3 

32 5 

—12 2 

40 5 

+ 95 

39 8 

+ 70 

35 7 

— 35 

34 0 

— 81 

33 8 

— SS 

34 4 

— 70 



Table 2 — Basal Metabolism of Student Nurses — Continued 


Subject 

Age 

Height, 

Cm 

340 

24 

104 

349 

20 

100 

350 

21 

150 

357 

24 

1G2 

35S 

19 

104 

300 

21 

1G0 

307 ' 

23 

157 

372 

19 

1G4 

373 

19 

104 

3S3 

27 

103 

oSS 

19 

174 

3S9 

18 

104 

394 

20 

157 

395 

20 

101 

400 

19 

15S 

404 

21 

104 

400 

19 

100 

407 

19 

10S 

412 

IS 

152 

415 

23 

101 

422 

19 

104 

423 

19 

1GS 

452 

20 

107 

453 

29 

175 


Weight, 

Dates, 

Kg 

1929-1930 ' 

51 

February 10 
11 
12 

53 

February 13 

14 

15 

48 

February 13 

14 

15 

55 

February 17 

19 

20 

55 

February 17 

19 

20 

06 

January 24 

25 

26 

40 

January 24 

25 

26 

49 

February 27 
28 

March 1 

52 

February 27 
28 

March 1 

04 

March 3 

4 

5 

72 

Marcli 6 

7 

8 

59 

March 0 
7 
S 

57 

March 10 
12 

39 

March 10 
11 
12 

50 

March 17 
IS 
19 

54 

March 17 
IS 
19 

00 

March 21 
22 
23 

60 

March 21 
22 
23 

55 

March 24 

25 

26 

53 

March 2S 
29 
SO 

5S 

March 31 
April 1 
2 

57 

April l 
2 

G3 

April 17 
18 
19 

61 

April 17 
IS 
19 


Calories Deviation from 
per Sq Meter Auh Dn Bois 
per Hour Standard, per Cent 


38 2 

+ 35 

34 9 

— 58 

34 G 

— 65 

35 4 

— 43 

32 7 

—110 

33 9 

— 84 

35 9 

— 29 

32 7 

—116 

35 2 

— 49 

38 7 

+ 46 

38 0 

+ 27 

36 9 

— 03 

35 5 

— 53 

35 9 

— 44 

37 3 

— 05 

36 5 

— 14 

314 

—111 

32 3 

—12 8 

387 

+ 46 

3SS 

+ 49 

38 3 

+ 35 

351 

— 64 

351 

— 04 

319 

—14 9 

35 0 

— 80 

32 0 

—15 9 

317 

—19 2 

311 

—16 0 

29 8 

—19 5 

30 6 

—17 3 

36 2 

— 34 

35 5 

— 53 

33 9 

— 96 

39 7 

+ 44 

39 8 

+ 47 

33 4 

+ 11 

35 0 

— 67 

32 4 

—13 6 

30 S 

—17 8 

32 0 

—14 7 

33 9 

— 97 

314 

—16 3 

30 2 

—19 5 

30 6 

—18 4 

36 2 

— 22 

36 4 

— 16 

37 7 

+ 19 

33 8 

— 99 

32 4 

—13 6 

33 9 

— 97 

34 9 

— 09 

35 9 

— 43 

32 5 

—13 4 

37 2 

— 21 

35 2 

— 74 

39 3 

+ 34 

38 4 

3 7 

37 5 

+ 12 

371 

+ 03 

37 8 

+ 05 

3S 0 

+ 12 

34 6 

— 84 

32 5 

—13 4 

33 7 

—101 

36 2 

— 23 

37 9 

+ 24 

36 3 

— 1 9 

33 0 

—10 9 

32 6 

—11 9 

32 7 

—11 7 



Tabu: 3 — Basal Metabolism of Male Medical Students 


Subject 

Ago 

Height, 

Cm 

71 

22 

172 

80 

24 

1G4 

02 

26 

177 

101 

20 

181 

100 

31 

175 

110 

22 

175 

119 

27 

173 

124 

20 

173 

133 

21 

171 

142 

24 

173 

148 

22 

ISO 

100 

25 

169 

167 

22 

179 

175 

21 

170 

182 

21 

105 

185 

24 

184 

104 

20 

182 

216 

24 

ITS 

234 

22 

17S 

201 

23 

177 

270 

24 

173 

303 

22 

103 

317 

26 

171 

318 

25 

178 

327 

22 

182 


Weight, 

Kg 

Dates, 

1929-1930 

57 

October 21 
22 
23 

5S 

October 24 

25 

26 

64 

October 29 

30 

31 

07 

November 1 
2 
3 

OS 

November 4 
5 
7 

CO 

November 4 
5 

72 

November S 
9 
10 

00 

November 11 
12 
13 

OS 

November 14 

15 

16 

57 

Nor ember IS 

19 

20 

63 

No\ ember 22 
24 

G3 

No\ ember 2G 
27 
23 

50 

Nor ember 29 
30 

63 

36 

December 1 
December 2 
December 4 

5 

6 

78 

December 5 
6 

72 

December 9 
10 
11 

73 

December IS 

19 

20 

72 

3 nnuary 7 
S 
9 

G2 

January 9 
10 
11 

CG 

January 13 

14 

15 

55 

January 23 

24 

25 

70 

January 31 
February l 

61 

January 31 
February 1 

62 

February 4 


5 

6 


Calories Delation from 
per Sq Meter Aub Du Bois 
per Hour Standard, per Cent 


33 0 

—16 4 

38 4 

— 2S 

35 2 

—11 0 

37 9 

— 41 

35 5 

—10 0 

371 

— 00 

34 6 

—12 4 

36 3 

— 81 

33 6 

—15 0 

39 9 

+ 10 

37 2 

— 60 

38 5 

— 2 5 

36 4 

— 74 

33 6 

—15 0 

32 7 

—17 2 

35 9 

— 90 

36 4 

— 78 

41 1 

+ 40 

317 

— 19 S 

SOS 

—23 0 

33 4 

—10 4 

301 

— 23 S 

312 

— 21 0 

33 1 

— 16 2 

39 2 

— 09 

41 5 

+ 51 

41 2 

+ 44 

40 6 

+ 2S 

3S7 

— 20 

36 4 

— 79 

40 5 

+ 20 

no o 

OO «J 

— 30 

41 3 

+ 56 

36 2 

— S4 

419 

+ 60 

39 2 

— 08 

39 0 

— 13 

37 2 

— 5S 

40 S 

+ 33 

37 6 

— 4S 

3S4 

— 2S 

3S4 

— 2S 

38 4 

— 2S 

37 8 

— 43 

31 9 

—19 3 

36 7 

— 70 

39 5 

00 

36 7 

— 71 

36 7 

— 71 

3S0 

— 3S 

35 9 

— 91 

35 4 

—10 4 

37 4 

— 53 

37 5 

— 51 

45 2 

+14 4 

41 1 

+ 40 

35 9 

— 91 

32 9 

—16 7 

32 S 

—16 9 

45 S 

+16 0 

40 5 

+ 23 

43 5 

+101 

35 7 

— 96 

33 6 

—15 0 

37 9 

— 40 

36 3 

— SI 

3S7 

— 20 

34 2 

— 13 S 

40 0 

+ 13 



Table 3 — Basal Metabolism of Male Medical Students— Continued 







Calories 

Deviation from 



Height, 

Weight, 

Dates, 

per Sq Meter 

Aub Du Bois 

Subject 

Age 

Cm 

Kg 

1929-1930 

per Hour 

Standard, per Cent 

041 

21 

172 

59 

Februarj 10 

45 G 

+15 5 


11 

41 9 

+ GO 





12 

30 2 

— 84 

348 

20 

175 

61 

rebiunry 12 

40 G 




13 

38 3 

— 30 





14 

37 6 

— 4 8 

305 

23 

171 

5G 

January 20 

30 8 

— G8 



March 4 

30 3 

— 81 

374 

20 

176 

so 

rcbruary 27 

40 8 

+ 33 



28 

33 8 

—14 4 





March 1 

3S5 

— 2 5 

37 j 

21 

179 

04 

February 27 

381 

— 3 5 




28 

41 3 

+ 46 





March 5 

34 0 

—14 0 

4' , S 

26 

177 

70 

April 14 

ISO 

— 38 





15 

37 7 

— 46 





10 

36 5 

— 51 

429 

29 

1S7 

OS 

April 4 

32 0 

—17 6 





5 

34 2 

—13 4 





6 

317 

—19 8 

434 

20 

185 

73 

April 7 

33 S 

—14 5 





S 

321 

—IS 7 





9 

37 7 

— 44 

435 

24 

ISO 

G5 

April 7 

33 0 

— 1G 5 





8 

35 0 

—11 4 





9 

31 3 

—18 2 

440 

26 

175 

58 

April 10 

36 4 

— SO 





11 

3S0 

— 38 





12 

3j 0 

—112 

441 

24 

ISO 

00 

April 10 

39 5 

00 





11 

40 8 

-r *> o 





12 

41 7 

+ 50 

440 

24 

177 

03 

April 14 

35 4 

—10 4 





15 

36 3 

— 81 





16 

35 0 

—11 4 

447 

24 

108 

50 

April 14 

3S6 

— 23 





15 

35 0 

—11 5 





16 

35 0 

—11 5 

4G2 

29 

181 

66 

April 22 

34 2 

—10 9 





23 

Oj J 

—101 

514 

24 

181 

07 

May 13 

3S2 

— 3 4 





14 

3S0 

— 3S 





15 

37 7 

— 47 





3 

42 7 

-6 SI 





4 

,9 0 

T 1 0 



Table 4- 

—Summai 

izcd Basal Metabolic 

Rate 





Average 

Average 

Deviation from 




All 

Lowest 

Aub Du Bois Standard, 




Values, 

Values, 


per Cent 




Calories per Calories per 


A — > 




Sq Meter 

Sq Meter 

All 

Lowest 


Age 

Number 

per Hour 

per Hour 

Values Values 

Student nurses 

is 

9 

30 9 

35 0 

—29 

— 79 


19 24 

74 

34 4 

33 0 

—7 0 

—10 8 


25 29 

7 

34 0 

33 2 

—SI 

—10 3 


30 34 

3 

35 3 

33 G 

—33 

— 80 

All 


93 



— 6 6 

—10 4 

Male medical students 20 21 

7 

391 

30 6 

—01 

— 73 


22 24 

20 

37 4 

35 9 

— 5 5 

— 91 


25 29 

12 

35 8 

34 2 

—94 

—13 4 


31 

1 

34 2 

32 7 

—13 4 

—17 2 

All 


40 



— 6 1 

—101 
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— 2 3 pei cent Of ninety women included in our study, fifty-two were 
underweight and thuty-eight overweight, the average deviation being 
— 0 8 per cent, of the medical students, thnty-three weie below normal 
weight and seven above, with an average deviation of — 7 2 per cent 
It is ceitam that any degree of malnutrition that would seriously affect 
the metabolic rate would be reflected m changes m weight markedly 
greater than these 


TABLr 5 — Basal Metabolic Rate of Women at the University of Minnesota 
(Calculated from the Data of Conklin and McClendon) 


Heat Production, Calories Deviation from 

per Sq Meter per Hour Auh Du Bois Standard 

^ , , A 


Subject 

Age 

/ 

Maximum 

Minimum 

Average ' 

/ 

Maximum 

Minimum 

Average 

M G 

20 

3S5 

321 

33 S 

U- 4 1 

—13 3 

— 87 

D G 

23 

34 9 

30 0 

32 4 

— 5 7 

—18 9 

—12 4 

M S 

35 

3SS 

30 9 

351 

+ 03 

—15 4 

— 38 

E\eS 

22 

42 7 

291 

35 5 

-15 4 

—214 

— 41 

E T 

20 

35 0 

27 S 

30 0 

— 5 4 

—24 9 

—17 3 

G W 

20 

33 3 

30 5 

32 4 

— 44 

—17 0 

—12 4 

C C 

22 

35 S 

27 S 

318 

— 32 

—24 9 

—14 0 

P 0 

22 

331 

27 7 

30 4 

—10 5 

—251 

—17 8 

E S 

21 

415 

33 0 

37 2 

+12 2 

- 10 S 

0 5 

H R 

23 

35 G 

30 2 

32 3 

— 3S 

—IS 4 

—12 7 

Average 




331 



—10 5 


Table 6 — Metabolism of Women in Relation to Deviation fiom Standaid Weight 



Average 
Deviation from 
Standard Weight, 
per Cent 

Deviation from Aub Du Bois 
Standard, per Cent 

—A 

Number 

r 

AH Values 

Lowest Values 

22 

—14 0 

(—10 or more) 

—81 

—10 9 

30 

— 57 
(0 to —10) 

—70 

—10 3 

25 

+ 50 
(+10 to 0) 

— 6 7 

—10 2 

13 

+216 

(more than +10) 

— 5 5 

— 97 


Neveitheless, theie seems to be a slight correlation between devia- 
tions from the standard weight and the standard metabolic rate (table 6) 

SUMMARY 

Deteimmations of basal metabolism on ninety-three student nurses 
and foity male medical students at Charleston, S C . showed results 
averaging about 10 per cent lower than the Aub-Du Bois standard 
The results were compaied with those of similar work done at Talla- 
hassee, Fla , and Minneapolis Climate, the 1 elative amount of iodine 
m human environment, dietary habits, and the state of nutntion aie 
not considered responsible for the low values obtained 




THE HEART RATE IN PROGRESSIVE MUSCULAR 

DYSTROPHY 

STUDIES WITH THE CARDIOTACHOMETER " 

ERNST P BOAS, MD 

AND 

HENRIETTA LOWENBURG, AB 

NEW YORK 

In view of the lepoits of Globus 1 and otheis on the piesence of 
definite myocaidial lesions m patients with progressive muscular dys- 
trophy, it seemed of interest to study some phases of the functional 
mtegiity of the cuculation m a gioup of such patients Accordingly, 
we studied the heait late of seven patients with progressive musculai 
dystiophy Dr S P Goodhart placed the clinical material at our 
disposal 

METHOD 

The studies were carried out with the aid of the cardiotachometer, 2 an instru- 
ment devised by one of us, which automatically records the heart rate of subjects 
for indefinite periods of time under all degrees of physical activity and rest The 
action current of the heart is led from the chest by two electrodes, through 
100 feet of light wire to a radio amplifier, which amplifies it about 6,000 times 
The amplified current actuates a relay system, which in turn operates an electro- 
magnetic counter by means of which the heart rate is counted The subject can 
move about freely without interfering with the accuracy of registration The 
patients were m one room, the apparatus and observers in another Every effort 
was made to enable the subjects to carry on their usual daily routine so that we 
might obtain the daily curve of their heart rate Every patient was studied on 
two separate occasions to insure complete adjustment to the novelty of the 
experimental conditions 

The experiments were begun m the late afternoon and continued until the 
following morning The evening meal was served at 6 p m During the course 
of the evening the patients conversed with one another, played cards, read and 
listened to a phonograph Exercise tests were given The response of the heart 
to emotion was studied by discussing with the patients some of their personal 
griefs or difficulties The patients went to bed at their accustomed hour, and 
in the morning washed, dressed and ate breakfast Soon after breakfast the 
experiment ended 

Submitted for publication, July 10, 1930 

From the Neurological Division, Montefiore Hospital for Chronic Diseases 

1 Goodhart, S P , and Globus, J H On the Nature of Muscular Dys- 
trophies With a Report of Changes in Cardiac Muscle in Two Cases, Neurol 
Bull 1 386, 1918 Globus, J H The Pathologic Findings m the Heart Muscle 
in Progressive Muscular Dystrophy, Arch Neurol & Psychiat 9 59 (Jan ) 1923 

2 Boas, E P The Cardiotachometer — An Instrument to Count the Totality 
of Heart Beats Over Long Periods of Time, Arch Int Med 41 403 (March) 1928 
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During waking hours the heart rate was recorded every few minutes, and the 
activity of the patient was carefully noted During sleep the rate was calculated 
for every half hour, except when the patient appeared disturbed or restless, when 
more frequent readings were made Early in the morning the basal heart rate 
was recorded, that is, the heart rate in the postabsorptive resting state 

RESULTS 

As a basis of comparison we used similar observations on the heart 
lates of 103 noimal persons 3 In table 1 are recorded the heart lates m 
the cases of progressive muscular dysti ophy, as well as the avei age heai t 
rates in out series of normal persons In most instances the heart rates 
of the patients with muscular dysti ophy were highei m the hist than in 
the second expenment This is probably due to the fact that in the fiist 
expei iments the patients were not fully at ease In the table the figures 
given represent in each case the experiments in which the heart rates 
were lowest, as a lule, the second experiment 

Table 2 represents the protocol of an expenment on A K, a man, 
aged 21 years, and the graphic record shows the heait rate dui mg this 
expenment 

The striking featuie m all of the cases is the tachycardia which is 
evident m the patients both waking and sleeping For instance the male 
patients with muscular dystrophy had an average minimum sleeping rate 
of 70 and a basal rate of 82 5, compared to rates of 52 7 and 61 4, 
respectively, of the normal senes 

A second characteristic of the heait late in our cases of muscular 
dystrophy is its lability, its excessive acceleration m 1 esponse to minimal 
stimuli The intake of food, exercise and emotion caused the greatest 
quickening of the heait, while music, conveisation and playing cards had 
little or no effect Eating provoked a rise in rate of fiom 6 to 36 beats 
a minute It was impossible to set one standard exercise for all of the 
patients because of their varying degrees of helplessness We chose 
exercises m each case that involved the maximum use of the lemammg 
functioning muscles, and encouraged the patients to woik to the limit 
of their capacity Such exercises caused a rise in heart late fiom 11 to 
30 beats a minute It was difficult to elicit an emotional response in 
these patients Accordingly, m only foui instances did we observe an 
appreciable rise in heart rate of from 10 to 24 beats a minute In many 
instances slight movements such as turning in bed oi sitting up or such 
acts as mictuiition provoked considerable increases in the heart rate 

Others have noted the rapid labile heait late m patients with progres- 
sive muscular dystrophy Meerwem 4 collected 480 cases of this disease 

3 Boas, E P , and Goldschmidt, E F Studien mit dem Cardiotachometer 
uber Frequenz und Rhythmus des Herzschlags, Klin Wchnschr 9 1115, 1930 

4 Meerwem Verhaltnisse von Herz und Zunge bei den primaren Myopath- 
len, Dissert, Basle, 1904 



Tabix 1 — Recot d of the Heait Rates of Patients with Musculai Dystiophy and of the Avoagc Hcait Rates of Ou> Noimal Patients 

Heart Bates Waking Heart Rates Sleeping 
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published before 1904 In 89 of these, some abnoimality of the heait 
oi pulse was noted He divided these 89 into 4 groups Group 1 
consisted of 13 patients who had abnoimal pulse lates but no caidiac 
murmuis oi evidences of cardiac enlargement Twelve of these patients 
had pulse lates that ranged fiom 90 to 135, and m 3 of them the rate 
was veiy labile Group 2 consisted of 12 patients who had definite 
murmuis but no enlaigement of the heart Twelve of these had rapid 
pulse rates, and in 1 the pulse was veiy labile Group 3 consisted of 49 
patients who showed cardiac enlargement Nineteen of them had rapid 
pulse lates Gioup 4 lepiesented 15 cases that came to neciopsy m 
which definite lesions of the myocaidium were found 

We have been able to find few records of the heait lates of patients 
with piogressive musculai dystrophy in the hteiatuie since 1904 - 
Globus 5 6 7 observed a boy, aged 5, whose pulse was lapid and labile, 
varying fiom 80 to 130 Sacaia-Tulbuie c noted a lapid pulse m seveial 
cases and irregulai lhythm in tluee cases Berblmgei and Duken T and 
Schliephake 8 repoited a number of interesting cases The first, that of 
a boy, aged 12,* when m the hospital showed a giadual increase in pulse 
late fiom 80 to 120 in six da}s Then the patient exhibited abdominal 
tenderness, vomiting and leukocytosis, while the pulse late lose to 160 
A lapaiotomy levealed no lesion, and the boy died shortly afteiwaid 
The second patient, a boy, aged 14, had attacks of pallor lasting f i om a 
few minutes to several days, in which the pulse late lose fiom 80 to 160 
An electiocaidiogram, taken between attacks, showed a questionable 
arbonzation block The thud patient had definite attacks of paroxysmal 
ventricular tachycaidia, pioved electrocardiographically, and the authors 
suggested that the othei two patients had a similar disturbance 

We noted no abnoimalities of lhythm in any of our cases Electio- 
caidiograms weie taken m all of them Five showed essentially noimal 
electrocardiogiams, but A F showed left axis deviation with the T 
wave negative in leads 2 and 3 and the descending limb of R m leads 1 
and 2 notched , while case L S showed left axis deviation with T in lead 
1 negative, and the descending limb of R m lead 1 notched These signs 
were accepted as evidence of myocardial damage In these two cases 
then significance is lessened because A F , though a young man, had 
hypei tension (160 systolic and 100 diastolic), and L S was 58 
tears old 

5 Globus, J H (footnote 1, second reference) 

6 Sacara-Tulbure Contribution a 1’etude clinique de la paralysie pseudo- 
hypertrophique, Rev de med 14 273, 1894 

7 Berblinger and Duken, J I Der kardio-intestmale Symptomenkomplex 
bei der progressiven Muskeldystrophie, Ztschr f Kinderh 47 1, 1929 

8 Schliephake, E II Graphische Untersuchungen der kardio-intestinale 
Svmptomenkomplex bei der progressiven Muskeldystrophie, Ztschr f Kinderh 
47 85 1929 
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Teleoioentgenograms were taken of all of the patients None 
showed enlarged heaits, nor was the configuration of the heart typical 
The blood pressuie for all except A F was within normal range A 
stnkmg featuie on auscultation in four of the patients was the feeble- 


Table 2 — Pioiocol of the Observations on the Iieait Rate of A K 


Time 

Total 

Minutes 

Counter 

Reading 

Total 

Beats 

Rate 

Comment 

PM 6 19 

6 20 

1 

299 

385 

86 

86 0 

Sitting in chair 

Sitting in chair 

G 25 

5 

854 

469 

93 8 

Sitting m chair 

6 30 

5 

1,283 

429 

85 8 

Sitting in chair, reading 

7 00 

30 

4,0<?3 

2,810 

93 6 

Sitting in chair, talking 

7 13 

13 

5 312 

1,219 

03 7 

Starting to play cards 

7 30 

17 

6,934 

1,622 

95 4 

Playing cards 

8 00 

30 

9,728 

2,794 

931 

Playing cards 

8 30 

30 

12,497 

2,769 

02 3 

Sitting in chair, talking 

9 00 

30 

15.03G 

16,403 

2,539 

84 6 

Sitting in chair 

9 16 

16 

1,367 

So 4 

Undressing, in bed 

New start 

9 21 

9 22 

1 

16,729 

16,813 

84 

84 0 

Electrode moved, replaced nit)] 
adhesive over strap 

Undressing 

Undressing 

9 30 

S 

17,580 

767 

95 S 

In bed (awake) 

10 00 

30 

19,673 

2,093 

69 7 

In bed (anake) 

10 07 

7 

20,143 

470 

671 

Physical examination 

10 09 

2 

20,284 

141 

70 5 

Physical examination ended 

10 30 

21 

21,773 

1,489 

70 9 

Asleep 

11 00 

30 

23,973 

2,200 

73 3 

Asleep 

11 30 

30 

26,309 

2,236 

74 5 

Asleep 

12 00 

30 

28,880 

2,571 

85 7 

Asleep 

A M 12 30 

30 

31,279 

2,399 

79 9 

Asleep 

1 00 

30 

33,645 

2,366 

78 8 

Asleep 

1 30 

30 

30,070 

2,425 

80 8 

Asleep 

2 00 

30 

38,417 

2,347 

78 2 

Asleep 

2 30 

30 

40,707 

2,290 

76 3 

Asleep 

3 00 

30 

43,130 

2,423 

2,454 

80 7 

Asleep 

3 30 

30 

45.5S4 

818 

Asleep 

4 00 

30 

48,117 

2,533 

84 4 

Asleep 

4 30 

30 

50,687 

2,570 

85 6 

Asleep 

5 00 

30 

53,221 

2,531 

84 4 

5 30 

30 

55,666 

58,149 

2,445 

81 5 


6 00 

30 

2,483 

82 7 


6 30 

30 

60,708 

2,559 

85 3 


6 40 

10 

61,567 

859 

85 9 


G 41 

1 

61,652 

85 

85 0 


6 42 

1 

61,738 

86 

86 0 


6 43 

1 

61,819 

81 

81 0 

Basal rate, 85 

6 44 

1 

61,904 

85 

85 0 

6 45 

1 

61,989 

So 

85 0 


6 48 

3 

62,258 

62,448 

269 

S9 6 

Getting up, dressing 

6 50 

2 

190 

95 0 

6 52 

2 

62,637 

189 

94 5 


6 55 

s 

62,949 

63,067 

312 

104 0 


6 56 

1 

118 

11S0 


6 57 

1 

63.16S 

101 

1010 


6 5S 

1 

63,292 

124 

124 0 


7 00 

2 

63,505 

213 

106 5 


7 02 

2 

63,734 

229 

114 5 


7 05 

3 

64,092 

358 

119 3 


7 07 

2 

64,328 

236 

118 0 

Getting into chair 

7 11 

4 

64,776 

448 

112 0 

In chair 

7 12 

i 

64,897 

121 

121 0 

In chair 

7 15 

3 

63,246 

349 

116 3 

7 21 

6 

65,936 

690 

115 0 

Morning toilet, urinating 

7 35 

14 

67,575 

1,639 

117 0 

Eating breakfast 


ness and absence of muscular quality of the first heait sound at the 
apex, and the accentuation of the second sound at the base The sounds 
m these patients resembled those heard m patients with recent coronary 
thrombosis In three patients the heart sounds were normal No mur- 
murs were heard except m A F , who presented a systolic murmur at 
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the aortic ai ea It may be significant that D K , m whom the poor 
muscular quality of the first sound was most sti iking, showed the most 
rapid heart rate 

In geneial, however, we were unable to correlate any cardiovasculai 
physical observations, the extent of involvement of the striated muscles 
or the duration of the illness with the level of heart rate 

What is the cause of the rapid heart rate m patients with progressive 
muscular dystrophy’ Simple tachycardia may be due to neurogenic 
factors As one of us has shown in another communication , 9 howevei , 
neurogenic tachycardia disappears during sleep The minimum 
heart late during sleep is measured at a time when the manifold extrinsic 
stimuli that affect the heart are at a minimum, and, so, most closely 



Graphic record of the heart rate of A K during an experiment 


lepresents the chronotropic activity of the heart Since our patients all 
showed a high minimum rate during sleep, neurogenic f actoi s cannot be 
solely responsible for the tachycardia 

Fever and an increased basal metabolic rate, as well as anemia 01 
anoxemia, may also determine a rapid heart rate None of these obtains 
in muscular dystrophy The elimination of these factors makes it piob- 
able that the tachycardia is caused by some intrinsic cardiac disturbance 
This conclusion finds ready support in the pathologic studies of Globus , 2 
Goodhartand Globus , 1 Bunting , 10 and Berbhnger and Duken , 7 who found 

9 Boas, E P , and Weiss, M M The Heart Rate During Sleep as Deter- 
mined by the Cardiotachometer, J A M A 92 2162 (June 29) 1929 

10 Bunting, C H Chronic Fibrous Myocarditis in Progressive Muscular 
Dystrophy, Am J M Sc 135 244, 1908 




382 


ARCHIVES OF INI ERNAL MEDICINE 


m the myocardium fibiosis and fatty infiltiation and lesions lesembling 
those of the striated musculatuie Further confirmation of such changes 
m the muscles are found m two of oui electiocaidiogiams and in the 
electrocardiograms of Beiblmgei and Duken, as well as m the abnormal 
quality of the first heait sound noted by us 

There is one other possible factoi that merits consideiation Tachy- 
caidia may be deteimined by a faulty distribution of blood in the vascu- 
lar tiee The impoitant factors heie aie the vasomotoi tone and the 
efficiency ot the pumping action of the stnated muscles on the return 
flow of blood thiough the veins Since so large a pait of the muscula- 
ture in these patients is functionless, the efficiency of the peripheral 
venous pump must be greatly diminished It is an extieme illustration 
of the difference between “trained” and “untiamed” persons It is well 
known that the lattei have more rapid and more labile heait lates than 
the former In oidei to check this point, we studied the heait lates of 
six patients disabled by such diseases as arthritis deformans and exten- 
sive antenoi poliomyelitis and two cases of the Charcot Mane tooth type 
of musculai djstrophy The heart lates are lecoided m table 1 It is 
apparent that these patients too have a tendency to lapid heait rates, 
although m none of them is there leason to believe in the existence of a 
myocaidial lesion We lealize that these few cases aie not conclusive, 
paiticulaily because of the y outli of three of the subjects 

SUMMARY 

Seven patients with progiessive musculai djstiophy exhibited tachy- 
cardia which persisted dui mg sleep We believe that the lapid heait late 
is due to the chai actei istic myocardial lesions of this disease, as well 
as to the effect of the loss of the pumping action of the stnated muscles 
on the venous return flow Fuither evidence of myocaidial injury was 
piesented by two patients who had electiocaidiogiams chai actei istic of 
disease of the heait muscle and by four patients m whom the fiist heait 
sound was feeble 

REPORT OF CASE 

Histoiy — A K, a man, aged 21, presented a case of progressive muscular 
djstrophy As a baby he was dropped on the floor and severely injured Since 
the age of 6 the arms and legs had been weak When he was 7 years old, he 
was struck bj a man who jumped off a motorcycle , he was unconscious for half 
an hour, but had no permanent injuries After the accident he walked home, but 
on climbing the stairs, he found that his legs were much weaker, so that he 
had to pull on the banister with the right hand and rest the left hand on the 
left knee This condition never improved During the following years the mus- 
cular weakness became progressively worse, and he began to have difficulty in 
arising from a sitting posture He had been unable to walk for six years before 
consulting us He had occasional palpitation, and frequently complained of cold 
hands and feet 
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Examination — Examination revealed a well nourished joung man who could 
not sit without assistance The lips were large, the tongue was hypertrophied, 
and the teeth showed a trophic disorder The cranial nerves were normal There 
was a flaccid paralysis of both the upper and the lower extremities m flexion 
He could not raise the arms above the head, and could not flex the thighs The 
serratus, latissimus dorsi and rhomboid major muscles were paralyzed The 
pectorahs major was weaic on both sides Rotation of the head was also weak 
The heart was not enlarged, the first heart sound was faint, and the second 
sounds were accentuated at the base, the aortic being stronger than the pulmonic 
second sound There were no murmurs The blood pressure was 125 systolic 
and 80 diastolic The electrocardiogram showed right axis deviation Table 2 
is the protocol of the observations on the heart rate for a period of twelve hours 
and sixteen minutes 



GASTRIC ACIDITY IN DIABETES MELLITUS 


ITS CLINICAL SIGNIFICANCE BASED ON A STUDY OF ONE 

HUNDRED CASES * 

I M RABIN OWITCH, MD 
A F FOWLER, MD 

AND 

B A WATSON, MD 

MONTREAL, CAN A.D \ 

Persons with diabetes aie exposed to all the conditions to which non- 
diabetic persons are exposed, infectious as well as nomnfectious For 
the diagnosis of some of these conditions, studies of gastnc acidity are 
fiequently employed Such conditions include gastric and duodenal 
ulcers, disease of the gallbladder and hepatic disease m general, malig- 
nant conditions, anemias, etc Therefore, it is important to know whether 
diabetes, per se, may be responsible for disturbances of gastric acidity 

Working with the same disease daily, one can hardly fail to be 
impressed by various phenomena as they aie met with from time to 
time, and the impression gained was that in diabetes not only does the 
gastnc acidity tend to be lower than noimal, but achloihydria occurs fre- 
quently In the interpretation of these obseivations, there is, however, 
an impoitant variable to consider Determination of gastric acidity is 
not part of the routine in the management of the diabetic person It 
is made use of only when signs or symptoms suggest any one of the 
aforementioned conditions, namely, ulcer, cancer, etc Therefore, the 
low gastnc acidities observed in the past may have been the result of 
these associated conditions Our lecords of diabetic patients fail to 
reveal an exceptional incidence of these conditions There is, therefore, 
good reason to suspect that the relationship between loweied gastric 
acidity and diabetes is more causal than accidental 

The literatuie on this subject is scanty Standaid woiks on diabetes, 
such as those of von Noorden, Graham, Joslin, and others, make no 
mention of it In the latest addition to the chaptei on diabetes melhtus 
m Nelson’s Loose-Leaf System of Medicine, Joslin referred briefly to 
the work of Wiechmann and Elzas In a study of twenty-five cases of 
diabetes, these authors found achlorhydria m eight cases, an incidence 

* Submitted for publication, Aug 13, 1930 

* From the Department of Metabolism, the Montreal Genet al Hospital 

* This investigation was made with the aid of a grant from Mr W W 
Butler of Montreal and a Governor of this hospital 
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of 32 per cent Seventy of the diabetes and acidity did not appear to 
be related Joslm here also recorded his own experience , achlorhydria 
was found m nine cases of thirty-seven investigated, an incidence of 
approximately 25 per cent Cammidge, in his work on “New Views on 
Diabetes Mellitus,” referred to this subject briefly, and stated that “m 
some cases of fiank diabetes with persistent hyperglycemia and evidence 
of defective formation of internal secretion of the pancreas, a study of 
the hemoglobin dissociation constant of the blood and carbon dioxide 
tension of the alveolar air has pointed to a deficient production of hydro- 
chloric acid by the stomach ” In 1926, Bowen and Aaron 1 reported 
the cases of ten diabetic patients suffering from diarrhea Achlor- 
hydria was found m eveiy case As it was suspected that the diabetes 
may have been responsible for the achlorhydria, an investigation of the 
gastric acidity was made m a number of other diabetic persons as well 
In the whole group, sixty-nine cases, the incidence of achlorhydria was 
29 per cent The data also suggested that achlorhydria was related to 
the severity and the duration of the diabetes No patient with achlor- 
hydria was found who did not have severe diabetes With regard to the 
duration of the diabetes, it was found that the average duration among 
the group with normal acidity was 2 8 years , with decreased acidity, it 
was 3 6 and with achlorhydria, 6 6 years Relationship between mor- 
tality and achloihydria was also suggested 

The aforementioned observations were consideied sufficiently inter- 
esting to warrant further investigation For this purpose, 100 diabetic 
persons were selected at landom from our clinic In none of these 
patients were there any signs or symptoms of digestive disorders 
Though we adhered to selection of subjects at random otherwise, an 
attempt was made to make the group fairly representative with regard 
to age, and seventy and duration of the diabetes 

/ 

TECHNIC 

During the last decade, attempts have been made to improve the reliability of 
data with regard to gastric acidity Thus, to insure stimulation of gastric secre- 
tion, there has been a tendency to replace the standard Ewald test meal, consisting 
of toast and tea, with histamine or alcohol Fractional analysis has been substi- 
tuted for single determinations and pn determinations for estimation of titratable 
acidity It is obviously not our purpose to decry any of these new procedures 
They undoubtedly have their place, and may yield more reliable information than 
the single estimation of the titratable acidity of gastric juice obtained with the 
use of toast and tea For example, histamine should be of particular value m 
differentiating between the two types of achlorhydria now recognized, namely, (1) 
the type in which the mucosa is capable of producing hydrochloric acid, but the 

1 Bowen, B D , and Aaron, A H Gastric Secretion in Diabetes Mellitus 
Report of Ten Diabetic Patients Who Had Diarrhea and Achlorhydria, Arch Int 
Med 37 674 (May) 1926 
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stimulus of the test meal given is not sufficiently powerful, and (2) the type m 
which there is true cessation of function of the hydrochloric acid-producing cells 
Both alcohol and histamine eliminate one possible source of error, namely, the 
neutralization of hydrochloric acid by the ingested food materials An error 
common to the use of alcohol and the Ewald meal, but chiefly to alcohol, because 
of the volume of liquid introduced into the stomach, is excess dilution of the 
gastric juice in the absence of normal motility With such dilution, the low 
acidity noted would obviously be more apparent than real Errors common to 
all methods and resulting from the insertion of a tube are (1) excess production 
of alkaline mucus, (2) excess production of alkaline saliva and swallowing the 
latter and (3) abnormal regurgitation of alkaline fluids (bile, pancreatic and 
intestinal juices) from the intestines With regard to the latter phenomenon, it 
may here be observed that there is a normal amount of regurgitation Babkin 2 
has shown that the acid concentration of fresh gastric juice of man ranges 
between 0 4 and 0 5 per cent The optimum and usual acidity that ranges 
between 015 and 02 per cent hydrochloric acid is the result of a mild grade of 
regurgitation of the aforementioned alkaline fluids from the intestines 

The preceding observations may be made with regard to the possible variables 
in the interpretation of gastric acidity They demonstrate that with this test, as 
with all other laboratory procedure, it is important to have a sound knowledge 
of physiology besides manipulative skill, and it is our experience that when due 
consideration is given to all of these factors, including the time interval between 
the ingestion of food and the collection of juice, a single estimation of the gastric 
contents, obtained following the administration of the standard Ewald meal, 
yields reliable information in the majority of cases The latter procedure was, 
therefore, our routine in this investigation 

Another, and rather important, reason for adhering to the aforementioned 
technic was that it is important to compare things which are comparable , Our 
purpose in this investigation was to compare the gastric juice of the diabetic 
person with that generally accepted as normal Here it may be observed that the 
standards of acidity still used by clinicians with regard to the amounts of free 
hydrochloric acid and total titratable acidity are those that were obtained with 
the Ewald meal and single analysis The following are, briefly, the statistical 
results of this investigation 


RESULTS 

\ 

That the group was repi esentative with legard to sex is shown by 
the fact that there weie forty-four males and fifty-six females Though 
a number of variables have to be consideied m the intei pretation of 
seventy, for practical purposes we divided our patients into two groups, 
namely, (1) those who lequued insulin to conti ol the diabetes and (2) 
tnose who did not It may be obseived that we excluded patients who 
lequired insulin temporarily and as an emeigency measuie only This 
included patients with infections, those who had had opeiations, and 
others Our cases weie fauly l epi esentative with regard to seventy 
In forty-nine cases the patients were tieated with insulin, and m fifty- 
one cases insulin was not lequued 

2 Babkin, B P Die aussere Sekretion der Verdauungsdrusen, Berlin, 
Julius Springer, 1914 
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Piactically all decades, with the exception of the hist, weie repie- 
sented, as shown by tables 1 and 2 

In table 3 are shown the incidences of the different amounts of free 
hydrochlonc acid and total acidities expressed as cubic centimeters of 
tenth-normal acid 


Table 1 — Age Incidence 
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These results, therefoie, differ from those leported by Bowen and 
Aaion It is important, however, to considei the fact that the selection 
of cases by the latter authors and ouis weie not the same Ouis were 
selected at landom, except that cases with signs and symptoms of diges- 
tive disturbances were excluded, wheieas Bowen’s gioup included ten 
cases of dial rhea 

The relationship between the severity of the diabetes and the total 
acidity (the aveiage acidity being expressed as cubic centimeters of 
tenth-normal acid) was as follows In the cases m which insulin was 


Table 4 — Duiation of Diabetes and Acidity 



Average Acidity (Oc Tenth Normal) 


Tree Hydro 

1 

Duration, Tears 

chloric Acid 

Total 

10 

93 

30 5 

1 1 to 2 0 

11 3 

36 5 

2 1 to 3 0 

14 8 

44 6 

3 1 to 4 0 

20 

40 

4 1 to 5 0 

11 2 

38 0 

51+ 

10 G 

40 2 


Table 5 — Relationship Between Age and Acidity 


Average Acidity (Cc Tenth Normal) 


Tree Hydro 


Decade 

chloric Acid 

Total 

10 



11 to 20 

13 0 

34 0 

21 to 30 

73 

28 2 

31 to 40 

19 2 

43 4 

41 to 50 

10 0 

34 2 

51 to 60 

93 

33 9 

61 to 70 

99 

36 0 

71+ 

58 

25 7 


used, the average fiee hydiochloric acid was 10 5 and the average total 
acidity was 36 2, in the cases in which insulin was not used, the aveiage 
fiee hydrochloric acid was 9 8 and the aveiage total acidity was 32 3 
Here, again, our data differ from Bowen’s, but they agree with those of 
Wiechmann and Elzas, in that no relationship was found, the average 
amounts of free hydrochloric acid and total acidity were practically the 
same m the group treated with insulin as m the group that was not 
treated with insulin 

Table 5 shows the relationship between age and acidity 

In the interpretation of these data, one must consider the fact that 
even in normal persons beyond middle age (about the age of 50) both 
free hydrochloric acid and total acidity tend to be low When this fact 
is considered, there appears to be little or no lelationship between age 
and acidity In other words, though the average amount of fiee Irydio- 
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chloric acid and total acidity was lower than expected under normal 
conditions at all age periods, age, per se, appears to have no particular 
influence among diabetic persons 

As to the lelationship between the sex of the patients and acidity 
(average acidity being expressed in. cubic centimeters of tenth-normal 
acid), the following results were noted The aveiage fiee hydrochlouc 
acid was 14 1 in males and 7 1 in females and the aveiage total acidity 
was 36 8 m males and 32 3 m females It appears, therefoie, that, on 
the aveiage, both the fiee hydiochlonc acid and the total acidity tended 
to be lowei among the female than among the male patients 

In table 6 is shown the combined relationship between age, sex and 
acidity 

For the purpose of investigating the afoiementioned lelationship m 
gi eater detail, males and females were separately grouped and the avei- 

Table 6 — Relationship Between Age, Sex and Acidity 


Male Female 

Average Acidity, Average Acidity, 

Ce Tenth Normal Cc Tenth Normal 

A , — — ^ 


Decade 

Free Hydro 
chloric Acid 

Total 

Free Hydro 
chloric Acid 

Total 

11 to 20 

IS 7 

62 2 

6 5 

48 2 

21 to 30 

15 9 

37 S 

33 

21 0 

31 to 40 

24 0 

4G0 

90 

37 C 

41 to 50 

IS 3 

38 S 

29 

2S0 

51 to GO 

SS 

32 0 

10 7 

30 9 

61 to 70 

9 G 

24 0 

10 2 

49 S 

71+ 


13 0 

G 3 

2SS 


age amounts of free hydrochlouc acid and total acidities were calculated 
for the different decades Here, again, though the aveiage amount of 
both free hydrochlouc and total acidity tended to be lower for all dec- 
ades, age did not appear to be a factor, but the values in the group 
of females were lower than those of the males 


COMMENT 

Repeated expei lences of a number of woikeis have shown that 
achlorhydria may be found among normal persons The incidence 
tends to be higher with single analysis than with periodic collection of 
gastric juice Unfortunately, m a large part of the liteiatuie one finds 
an admixture of noimal and abnormal peisons m the groups investi- 
gated On the whole, however, it would appear that with periodic 
examinations, the incidence of achlorhydria is approximately 10 per 
cent, and with single analysis only there is an additional 9 per cent, m 
other words, it would appear that with the use of the standard Ewald 
test the incidence of achlorhydna is about 20 per cent In an analysis 
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of 100 noimal peisons, Bennet and Ryle 3 found only foui cases of 
complete absence of free hydiochlonc acid Our experience among non- 
diabetic peisons with the Ewald test shows an incidence of achlorhydria 
of less than 20 per cent Howevei, allowing an incidence of 20 pei 
cent, the latter value is only about one half of that found m the 
group of 100 diabetic persons investigated Oui results, therefore, 
appear to warrant the conclusion that gastric acidity tends to be 
fewHm''diabefes T7He~'ctmical impoitance of this observation is that 
when diabetic~persons show signs and symptoms that suggest conditions 
for the diagnosis of which gastnc acidity is considered, the fact that 
diabetes, per se, may be lesponsible for low acidity mus't be consideied 
This investigation does not con ce rn cause and effect That diabetes 
be lesponsible foi altered function of the g&sti o-mtestinal tract is, 
howevei, suggestive It is intei estmg to note that gastro-mtestinal dis- 
tui bances aie not uncommon in this disease, in the absence of the usual 
causes Thus, m addition to achlorhydria, diairhea may be noted occa- 
sionally and constipation commonly, and “cramps,” vomiting or dilata- 
tion of the stomach may be observed prior to the onset of coma 
Hypertrophy-. of the duodenal mucosa is also a suggestive sign, this 
chaiacteristic was an almost constant obseivation at autopsies, m cases 
of diabetic coma, pnor to the days of the use of insulin This phase 
of the subject is now being investigated 


3 Bennet, T I , and Ryle, J A 


Guv’s Hosp Rep 71*286 (Juty) 1921 



THE METABOLISM OF GALACTOSE 
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111 1901, Stiauss 1 suggested the use of levulose for testing the 
function of the liver Five yeais later, Richard Bauer, 2 of Vienna, 
mti oduced galactose for a similar pui pose While this phase of studies 
on the liver aioused considerable interest in England and on the 
continent, American literature on clinical medicine has given little con- 
sideiation to the subject American conti lbutors have usually been 
concerned with levulose, while galactose has either been ignored or 
mentioned only with a word of condemnation This is all the moie 
strange since American biochemical literatuie is replete with conti lbu- 
tions concerning the metabolism of this sugai 

While working with Bauer in 1927, one of us was unpiessed 
with the information obtained through studies on galactose toleiance 
m vanous conditions of the liver For the past two yeais we have 
been utilizing this test at the Jewish Hospital of Philadelphia m an 
attempt to satisfy oui selves as to its value and to deteimine its 
limitations The test used has consisted of the ingestion of 40 Gm 
of pure galactose on a fasting stomach, and the detei nnnation of the 
urinary output of galactose for the ensuing five hour period Before 
presenting our clinical studies, we feel that certain basic consideiations 
must be presented regarding the use of any sugar as a functional test 
substance We shall attempt to show that galactose answers these basic 
considerations, comparing, wherever possible, its behavior to that of 
levulose, and finally, offering some obseivations on the metabolism of 
galactose 

* Submitted for publication, Aug 22, 1930 

4 From the Gastro-Intestinal Clinic of the Jewish Hospital of Philadelphia 
Presented at the College of Physicians, Section on Medicine, April 28, 1930 

1 Strauss, H Zur Funktionsprufung der Leber, Deutsche med Wchnschr 
27 757, 1901 

2 Bauer, R Ueber die Assimilation von Galaktose und Milchzucker beim 
Gesunden und Kranken, Wien med Wchnschr 56 20, 1906 
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REQUIREMENTS OF ANY SUGAR USED IN TESTING THE 

tunction or the liver 

Punty of the Sugcii — The sugar used must be obtainable m pure 
form This has been possible in the case of galactose but not for 
fructose Folin and Beiglund 3 found fiuctose so unstable that they 
questioned whether any is obtainable entirely fiee from the products 
of decomposition 

Absoi ption of the Sugm — If the sugar is to be given orally, it must 
be easily absorbed from the intestinal tract, thus eliminating the difficul- 
ties of loss by vomiting or diarrhea, and it must not be readily destroyed 
by bacteria m the intestine Con, 4 studying the rate of absorption of 
hexoses and pentoses from the intestinal tract of lats, found that the 
loss of sugar due to bacterial action in the intestines was so small that 
it could be neglected in the experimental calculations He also showed 
that the absorption of galactose, dextrose and fructose proceeds at a 
rate constant for each sugar, and that the ratio of these rates may be 
expiessed as 110, 100 and 43 m the order mentioned Thus, it is seen 
that galactose is absoi bed at least 2 5 times as rapidly as fructose This 
observation indicates that galactose is least likely to produce gastro- 
intestinal disturbances and particularly loss by diarrhea, phenomena 
that Folm and Berglund 3 as well as Rowe 5 found frequently in the 
use of their fructose preparations In no instance was bowel distui- 
bance from the use of galactose noted by us, and in only one case was the 
sugar vomited, this occurred in a patient who was veiy ill with acute 
nephritis and toxic jaundice 

Toleicmce foi the Sugai — The noimal tolerance foi the sugar used 
must be known, and its utilization in relation to age, weight and sex 
must be considered Con 6 found that the percentage of absorbed 
galactose excreted in the urine increased with increased length of 
absoi ption, m spite of the fact that the rate of absorption was constant, 
indicating that theie is a definite amount of galactose that the liver is 
capable of utilizing at one time Bauer, 2 Rowe 5 and others have 
demonstrated that this normal tolerance for human beings is about 
40 Gm Rowe contended that the threshold of toleiance is higher foi 

3 Folin, O , and Berglund, H Some New Observations and Interpretations 
with Reference to Transportation, Retention and Excretion of Carbohydrates, 
J Biol Chem 51 213, 1922 

4 Cori, C F The Rate of Absorption of Hexoses and Pentoses from the 
Intestinal Tract, J Biol Chem 66 691, 1925 

5 Rowe, A W Metabolism of Galactose I The Threshold of Tolerance 
in Normal Adults, Arch Int Med 34 388 (Sept ) 1924 

6 Cori, C F The Fate of Sugar in the Animal Body III The Rate of 
Glycogen Formation in the Liver of Normal and Insuhnized Rats During the 
Absorption of Glucose, Fructose and Galactose, J Biol Chem 70 577, 1926 
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women than for men, he believed that woman entei tarns within hei 
organism a specific galactose mechanism which, so far as is known, 
is absent in man Rowe stated that this power of synthesis, of storage 
and of conjugation of galactose is inherent in the female mamman 
glands 

A study of table 1 will indicate that Rowe’s contention is probably 
not justified This table includes the results obtained in fifteen normal 
males and fifteen normal females, to each of whom the standard dose 
of 40 Gm of galactose was admimsteied In their respective columns 
are given the ages of the patients in yeais, the weights in pounds and 


Table 1 — Compai atwe Study of Exaction of Galactose in Males and in Females 


Females 

t 

4ge, 

eight, 

Galactose* in 

Years 

Pounds 

Urine, Gm 

5 

52 

0 30 

20 

100 

0 00 

55 

102 

0 23 

64 

107 

2 20 

03 

10S 

0G9 

55 

110 

013 

42 

110 

100 

G3 

113 

0 30 

49 

115 

0 70 

04 

134 

0 9S 

35 

130 

0 00 

18 

153 

0 65 

38 

1G2 

1 OS 

50 

175 

0 00 

32 

185 

019 

Average 


0 04 


Males 


Age, 

Weight, 

Galactose* in 

Years 

Pounds 

Urine, Gm 

6 

36 

0 50 

52 

110 

120 

04 

no 

1 50 

53 

112 

1 OS 

59 

115 

0 30 

42 

120 

2 20 

30 

126 

100 

04 

129 

0 00 

50 

129 

120 

50 

133 

1 10 

40 

142 

1 20 

09 

100 

0 00 

59 

102 

1 10 

51 

102 

0 87 

54 

160 

0 00 

A\ erage 


OSS 


* Galactose output in the urine during the five hours following the ingestion of 40 Gm of 
that sugar 


the urinary output of galactose for the five hours following its inges- 
tion, in grams All the decades from the first to the sixth are included 
When it is considered that the normal person may excrete in the urine 
from none to 3 Gm of sugar m the five hours after the administration 
of 40 Gm of galactose, it becomes evident from this table that there is 
practically no difference between the sexes in their tolerance for this 
sugar 

The objection raised by some authors that the use of arbitrary 
amounts of the sugai without regard to the weight and age of the 
patient may also be answered from the figures m table 1 It will be 
noted that while all of the figures for the urinary output ranged below 
3 Gm , the subjects of greater weight not infrequently excreted more 
sugar than those of less weight Moreover, this series of cases indi- 
cates the independence of the test as regards the age of the patient 
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These' facts find furthei confhmation by Schirokauer, 7 by Stern, 8 and 
by Meyer and Stern 9 m studies on children ranging in age fiom 2 to 
8 years They found that the limits of assimilation for galactose in 
children are definitely comparable with those observed m the adult 

Convei tibility of the Sugai to Glycogen — The sugar employed must 
be a glycogen buildei, but piefeiably such a builder with difficulty If 
so, the sugar will tax this function especially, and will be moie apt to 
legister distiess with milder degiees of damage to the liver Galactose 
answeis both of these requirements Perfusion expenments by Grube 10 
with livei of toitoises showed a direct utilization of galactose by the 
livei Roubitschek 11 and Hurwitz and Bloomfield, 12 using lactose in 
experiments with animals poisoned with phosphoius and chloiofoim, 
respectively, concluded that galactose is a glycogen buildei While 
Con and Goltz 13 have shown that galactose, dextiose and fiuctose pei- 
meate the livei cells with the same ease, many obseivations indicate that, 
of the three, galactose is converted to gl) cogen the most slowly Thus, 
Hoffmeister’s 14 experiments indicate that galactose and lactose ai e 
assimilated m the smallest degree as compared with dextiose, levulose 
and cane sugar Cori 15 stressed the difficulty with which galactose is 
converted into glycogen The work of Blumenthal, 10 of Strauss 17 and 
of Voit 18 further attested to the difficulty with which galactose is 

7 Schirokauer, H Der Zuckerstoffwechsel benn Lrmphatismus der Kinder, 
Jalirb f Kinderh 79 581, 1914 

8 Stern, G Diphtherie und Leberfunktion, Med Kim 15 873, 1919 

9 Meyer, S , and Stern, G Ueber den Galaktosestoffwechsel ini Sauglmgs 
und Kleinkindesalter, Arch f Kinderh 68 241, 1920 

10 Grube, K Untersucliungen ueber die Bddung des Glykogens in der 
Leber, Arch f d ges Phvsiol 118 1, 1907 

11 Roubitschek, R Alimentare Galaktosurie bei experimenteller Phosphor- 
vergiftung, Deutsches Arch f klin Med 108 225, 1912 

12 Hurwitz, S H, and Bloomfield, A L Tests for the Hepatic Function 
Lactose Tolerance as Influenced bv the Liver Necrosis of Chloroform Poisoning, 
Bull Johns Hopkins Hosp 24 380, 1913 

13 Cori, C F , and Goltz, H L The Permeability of Liver and Muscles 
for Hexoses and Pentoses, Proc Soc Exper Biol & Med 23 124, 1925 

14 Hoffmeister, F Ueber Resorption und Assimilation der Nahrstoffe V 
Ueber die Assimilationsgrenze der Zuckerarten, Arch f exper Path u Pharma- 
kol 25 240, 1888 

15 Cori, C F The Rate of Glycogen Formation in the Liver During the 
Absorption of Fructose and Glucose, Proc Soc Exper Biol & Med 23 459, 1925 

16 Blumenthal, F Zur Lehre von der Assimilationsgrenze der Zuckerarten, 
Beitr z chem Physiol u Path 6 329, 1904 

17 Strauss, A Leber und Glykosurie, Berl klin Wchnschr 35 1121, 1898 

IS Voit, C Ueber die Gljkogenbildung nach Aufnahme verschiedener Zuck- 
erarten, Ztschr f Biol 28 245, 1891 
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assimilated Foster 19 found that the ingestion of fiom 40 to 100 Gm 
of galactose by noimal adults pioduced a maiked hyperglycemia, 
whereas model ate amounts of fiuctose failed maikedly to alter the 
level of the blood sugar Bodansky 20 found that in twenty healthy 
dogs, the tolerance foi levulose, as determined by analysis of the blood, 
was bettei than that for dextiose or galactose It is probable that 
fiuctose is conveited into dextiose m the livei with such facility that it 
normally never gets beyond that oigan This assumption is based on 
the fact that fructose does not appeal in the urine of either normal or 
diabetic persons, even when laige quantities of fructose or cane sugar 





Chart reproduced from article by Foster showing a diveigence of the venous 
and arterial curves after ingestion of dextrose and fructose, but practically a 
superimposition of the curves after the ingestion of galactose 


have been taken Folm aitd Berglund 3 stated that the limits of 
assimilation for levulose aie so high that they can scaicely be exceeded 
As a glycogen builder, then, fructose is on a pai with dextrose , galactose 
is such a builder with difficulty 

Specific Utilisation of the Sngai by the Lwei — The sugar used must 
be specifically absoibed by the liver, and must not be utilizable, or only 

19 Foster, G L Studies on Carbohydrate Metabolism I Some Compari- 
sons of Blood Sugar Concentrations m Venous Blood and in Finger Blood, J Biol 
Chem 55 291, 1923 

20 Bodansky, M Fructose, Glucose and Galactose Tolerance in Dogs J 
Biol Chem 56 387, 1923 
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to a slight degiee, when it leaches the general cnculation Sachs 21 and 
Blumenthal 16 furnished experimental evidence showing that levulose 
and galactose are absorbed almost specifically by the liver Draudt, 22 
m animals with Eck fistulas, found an excretion of 79 per cent for 
those fed galactose, as compared with an excietion of from 4 to 10 per 
cent before operation There is convincing evidence in our own experi- 
ments as well as in those of others of the practical nonutilizabihty of 
galactose by the tissues aftei it passes the liver The accompanying 
chart is reproduced fiom an aiticle by Foster, 19 who first showed that 
the sugar content of blood from the finger-tips is practically identical 
with that of arterial blood A study of these chaits of blood sugar 
curves after the ingestion of 100 Gm of dextrose, fructose and galactose 
reveals a divergence of the venous and arteiial cuives in the case of 
dextrose and fructose, but piactically a supei imposition of the cuives 
after the ingestion of galactose This may be explained on the basis 
that practically no utilization of the galactose occurs during the passage 
through the muscles The experiments of Mann and Magath 23 add 
further convincing evidence , they found that the hypoglycemic reaction 
produced in their animals after extirpation of the liver could be relieved 
by the injection of certain substances, dextrose, maltose, mannose, 
dextrin and galactose, into the blood stream When dextiose was 
injected into an animal that was moribund because of the hypoglycemic 
state, recoveiy was usually complete in from one to four minutes, but 
the beneficial action of galactose was so slight and transient that it could 
scarcely be noted, unless the animal weie under the closest observa- 
tion, again indicating that the tissues, without the liver, utilize galactose 
to a very slight degree, if at all A study of table 2 m our own experi- 
ments with galactose confirms this contention strongly Table 2 
piesents the output of blood sugai and the urinary sugar at one-half, 
one, two and thiee hour intervals aftei the ingestion of 40 Gm of 
galactose, and similar figures for a subsequent day when the patient 
ingested 40 Gm of galactose and simultaneously was given a hypo- 
dermic injection of 10 umts of insulin Of particular intei est is the 
fact that in spite of the markedly lowered- curves for blood sugar after 
the injection of insulin, sugar was still excreted m the mine in amounts 
definitely comparable to those excreted when no insulin was used 

21 Sachs, H TJeber die Bedeutung der Leber fur die Verwerthung der 
verschiedenen Zuckerarten im Organismus, Ztschr f khn Med 38 87, 1899 

22 Draudt, L TJeber die Verwertung von Laktose und Galaktose nach par- 
tieller Leberausschaltung (Ecksche Fistel), Arch f exper Path u Pharmakol 
72 457, 1913 

23 Mann, F C , and Magath, T B The Effect of the Administration of 
Glucose in the Condition Following Total Extirpation of the Liver, Arch Int 
Med 30 171 (Aug) 1922 
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This excretion of galactose occurred in spite of a definite hypogl) cemia 
with the attending symptoms of marked sweating, weakness, intense 
hunger, etc In the case of F L , for example, m which the amount 
of blood sugar ranged between 57 and 65 mg for the first and second 
hours, the urinary excretion of galactose was still 77 2 mg The same 
result may be noted with the other cases of the group These observa- 
tions can be interpreted only as an indication that the tissues, even when 
sorely in need of sugar, cannot utilize galactose to any notable degree 
These observations have some significance from another standpoint 
Folm and Berglund 3 expressed the belief that absorption of sugars 

Table 2 — Output of Sugar at Intervals After the Ingestion of Galactose and Aftci 
the Ingestion of Galactose Accompanied by the Injection of Insulin 


Galactose, 40 Gm 


Galactose, Plus Insulin, 

40 Gm 10 Units 

K * 


Patient 
M S 

Blood 

Sugar, 

Mg 

Urine 

Sugar, 

Mg 

Blood 

Sugar, 

Mg 

Urine 
, Sugar, 
Mg 

Pasting 

16G 

00 

115 

00 

V 2 hour 

192 

73 2 

125 

52 8 

1 hour 

206 

G18S 

100 

32 5 

2 hours 

172 

00 

45* 

126 0 

3 hours 

13S 

00 

63 

00 

Total 


G92 0 


2113 

Patient 
P L 





Pasting 

88 

00 

8S 

00 

% hour 

14G 

75 0 

S6 

No spec 

1 hour 

150 

475 0 

65 

No spec 

2 hours 

SG 

800 0 

57* 

772 7 

3 hours 

81 

130 0 

53 

204 0 

Total 


1.4S0 0 


970 7 


Galactose, 40 Gm 
Galactose, Plus Insulin, 

40 Gm 10 Units 

* , } , 


Patient 
A D 

Blood 

Sugar, 

Mg 

Urine 

Sugar, 

Mg 

Blood 

Sugar, 

Mg 

Urine 

Sugar, 

Mg 

Pasting 

88 

00 

6S 

00 

y 2 hour 

136 

2S3 6 

75 

185 6 

1 hour 

166 

954 6 

57* 

500 0 

2 hours 

86 

206 2 

47 

134 4 

3 hours 

86 

00 


00 

Total 


1,444 4 


820 0 

Patient 

J D 





Tasting 

100 

00 

86 

00 

% hour 

176 

319 5 

111 

400 0 

1 hour 

150 

414 0 

55 

612 7 

2 hours 

94 

00 

50 

00 

3 hours 


00 


00 

Total 


733 5 


1,012 7 


* Hypoglycemic reaction (e g , marked sweating, intense hunger, weakness) 


by the tissues is the primary method of the body in reducing then 
concentration in the blood They stated further that normally there 
is neithei fiuctose nor galactose in the tissues, and that within this 
enormous empty reservoir, the galactose disappears as readily as does 
fructose, and more readily than dextrose Cori, Pucher and Bowen 24 
have shown that insulin increases the intake of sugar by the muscles 
Trimble, 25 as veil as Thalheimer, 26 reported expenments indicating that 

24 Cori, C F , Pucher, G W , and Bowen, B D Comparative Study of the 
Blood Sugar Concentration in the Arterial and Venous Blood of Diabetic Patients 
During Insulin Action, Proc Soc Exper Biol & Med 21 122, 1923 

25 Trimble, H C, quoted by Joshn, E P Treatment of Diabetes Mellitus, 
Philadelphia, Lea 8c Febiger, 1928, p 195 

26 Thalheimer, quoted by Joshn, E P Treatment of Diabetes Mellitus 
Philadelphia, Lea & Febiger, 1928, p 195 
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the amount of sugai m the blood is invariably higher than that in the 
skin 01 muscles If one consideis these two last mentioned facts, one 
finds it impossible to reconcile the figures in table 2 with the statements 
of Folin and Berglund, so far as galactose is concerned The exclusion 
of the muscles and other body tissues as important utilizers of galactose 
becomes of the highest importance if one is to justify the use of 
galactose for testing the carbohydiate function of the liver 

To establish fuithei the use of galactose m this capacity, it becomes 
necessaiy to determine whether the blood or the urine offers the moie 
accurate method for ascertaining its use by the liver At first, one 

Table 3 — Studies of the Blood and Unite of Font Pei sons Aftei the Ingestion of 
Foity Giants of Galactose and on a Subsequent Day After 
Foity Giants of Dcxtiosc 


Galactose, 40 Gm Dextrose, 40 Gm Galactose, 40 Gm Dextrose, 40 Gm 

K. A . _ A K. 



Blood 

" 1 

Urine 

Blood 

Urine 


Blood 

Urine 

Blood 

Urine 

Patient 

Sugar, 

Sugar, 

Sugar, 

Sugar, 

Patient 

Sugar, 

Sugar, 

Sugar, 

Sugar, 

M M 

Mg 

Mg 

Mg 

Mg 

H G 

Mg 

Mg 

Mg 

Mg 

Pasting 

103 

00 

96 

00 

Pasting 

120 

00 

91 

00 

hour 

125 

368 9 

146 

00 „ 

% hour 

136 

90 0 

142 

00 

l hour 

176 

7416 

75 

00 

1 hour 

154 

SOOO 

182 

00 

2 hours 

100 

336 3 

77 

00 

2 hours 

96 

100 0 

6S 

00 

3 hours 

91 

00 

75 

00 

3 hours 

81 

00 

64 

00 

Total 


1,446 8 



Total 


990 0 



Patient 





Patient 





P M 





M S 





Fasting 

SI 

00 

8S 

00 

Tasting 

106 

00 

120 

00 

% hour 

13G 

o40 0 

200 

00 

% hour 

192 

73 2 

192 

00 

1 hour 

115 

1,590 0 

130 

00 

1 hour 

20G 

618 S 

272 

00 

2 hours 

91 

00 

77 

00 

2 hours 

172 

00 

222 

SS2 5 

3 hours 

SO 

00 

77 

00 

3 hours 

138 

00 

168 

133 0 

Total 


2,130 0 



Total 


092 0 


1,015 5 


would say the blood However, since there is no accuiate method foi 
determining small quantities of galactose in the blood, it is obvious 
that estimations of blood sugar would indicate variations in all of the 
i educing substances m the blood, with no indication of which part was 
due to galactose This fact is probably responsible foi the disci epancies 
m the studies with galactose that have been based on blood sugar curves 
Then could the urinary output of galactose be used as a measure of 
its utilization ? Before this question can be answered, two factors must 
be considered and their effects detei mined (1) the effect of kidney 
thieshold on the excietion of galactose, and (2) the effect of endocnne 
disturbances on the utilization of galactose 

KIDNEY THRESHOLD AND EXCRETION OF GALACTOSE 

It is obvious that if urinary output is to be taken as a measure of 
the utilization of galactose, changes in kidney threshold might play an 
important part m the interpretation of the results Table 3 shows 
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studies on the blood and unne sugai m four peisons examined one day 
after the ingestion of 40 Gm of galactose and on a subsequent day 
aftei the ingestion of 40 Gm of dextiose We weie foitunate in that 
this group included one case (F M ) with a high kidney thieshold foi 
dextrose Examination of the table indicates, howevei, that this 
mci eased thieshold did not hold for galactose The cases of M M 
and H G indicate the diffeiences that exist between the kidney tluesholds 
foi these two sugars, that of M S, a diabetic patient, lllustiates the 
appaient lack of relationship of the blood sugar cuive aftei the inges- 
tion of galactose to the quantity excreted in the mine, it is of intei est 
to compaie the sugai cuives and the output of unnai} sugai in the 
othei three cases 

Theoretic states of mci eased or deci eased kidney thieshold may 
readily be produced Thus, expenmental nephutis 01 the injection ot 
insulin pioduces conditions compaiable to an mci eased kidney threshold 
The injection of epinephrine, on the other hand, produces a state fairly 
compaiable to a decreased lenal threshold Corley, 27 after the injection 
of insulin into Ins animals, has shown a staking lapidity of disap- 
peaiance of galactose from the circulation, without, howevei, affecting 
the amount of galactose lost in the urine Con, 0 producing a taitiate 
nephritis in animals, involving a complete letention of dextrose, was 
unable to notice any effect on the late at which circulating galactose 
disappeaied from the blood Returning to table 2, one may fuither 
study the effect of the injection of insulin on the excretion of galactose 
m the human subject When one consideis that after the ingestion of 
40 Gm of galactose, the noimal person may exciete fiom none to 3 Gm 
m the urine in the subsequent five hour period, and fuither, that the 
quantity excreted ma}' vaiy, within these limits, m the same peison 
f loin day to day, it is obvious that the differences m the unnai y output 
with and without insulin (table 2) fall within the limits of noimal vari- 
ation It is also to be noted that in the case of J D , the urinary out- 
put was higher with the injection of insulin than without it, m spite 
of the lower blood sugar cuive Here again is stiessejl the independence 
of the unnai y output of galactose and the blood sugar curve 

The next consideration is the effect of the injection of epinephnne 
Table 4 indicates the observations on blood and urinary sugar in four 
patients after the ingestion of 40 Gm of galactose, and the same deter- 
minations on a subsequent day aftei the ingestion of 40 Gm of galactose 
and the subcutaneous injection of 1 cc of epinephrine It is interesting 
to note that m the two cases, F M and F L m which the epinephrine 
raised the amount of blood sugar little, if at all, above the kidney 

27 Corley, R C The Disposal of Intrai enously Administered Galactose in 
the Rabbit, J Biol Chem 74 1, 1927 
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threshold for dextrose the uimaiy output did not exceed that m which 
the galactose alone was given In the other two instances, in A D and 
J D , the urinary sugar output was considerably highei , however, aftei 
fermentation with specially prepaied yeast, the leadings for the output 
of galactose were less than those foi the excietion when epmephnne 
was not injected J D , particularly, shows a marked difference before 
and after fermentation It will be noted that in eveiy instance the 

Table 4 — Studies on Sugai m the Blood and Unite Aftei the Ingestion of 
Galactose and Aftei the Ingestion of Galactose and the Sub- 
cutaneous Injection of Epmephi me 


Galactose, 40 Gm Galactose, 40 Gm 

Galactose, Plus Epinephrine, Galactose, Plus Epmephnne, 

40 Gm 1 Cc 40 Gm 1 Cc 

K . /. , A » 


Blood 
Patient Sugar, 
AD Mg 

Urine 

Sugar, 

Mg 

Blood 

Sugar, 

Mg 

Urine 

Sugar, 

Mg 

Patient 

P M 

Blood 

Sugar, 

Mg 

Urine 

Sugar, 

Mg 

Blood 

Sugar, 

Mg 

Urine 

Sugar, 

Mg 

Pasting 

8S 

00 

00 

00 

Pasting 

103 

00 

SS 

00 

Vs hour 

136 

2816 

200 

GOO 

Vs hour 

123 

G6S 9 

182 

692 5 

1 hour 

106 

954 6 

214 

6G2 5 

1 hour 

176 

741 6 

192 

332 0 

2 hours 

86 

206 2 

120 

521 0 

2 hours 

100 

336 3 

125 

40 5 

3 hours 

80 

00 


24S 0 

3 hours 

01 

00 

107 

10 0 

4 hours 


00 


202 3 

4 hours 


00 


00 

Total sugar 


1,444 4 


1,683 8 

Total sugar 


1,446 S 


1,073 0 

Total galactoset 

1,444 4 


1,260 5 

Total galactoset 

3,446 S 


1,042 0 

P itient 

J D 





Patient 

r l 





J’ asting 

100 

00 

04 

00 

Pasting 

SS 

00 

79 

00 

Vs hour 

176 

ol9 5 

182 

131 2 

Vs hour 

146 

75 0 

142 

119 9 

1 hour 

150 

414 0 

286 

1,140 0 

1 hour 

150 

475 0 

172 

318 2 

2 hours 

94 

00 

222 

1,626 1 

2 hours 

S6 

800 0 

130 

142 5 

3 hours 


00 

94 

227 6 

3 hours 

SI 

130 0 

81 

00 

4 hours 


00 

4S* 

00 

4 hours 

91 

00 

67 

00 

Total sugar 


733 5 


3,124 9 

Total sugar 


1,4S0 0 


5S0G 

Total galactoset 

733 5 


115 0 

Total galactoset 

1.4S0 0 


5S0 6 


* Hypoglycemic reaction 

t 4fter fermentation mth jeast specially prepared 

miliary excretion of galactose is less aftei the injection of epmephnne 
than before This may be mere coincidence, and foui cases are not 
sufficient as a basis for an opinion, but is it not possible that, tluough 
the glycolytic action of the epmephnne on the hvei moie room is left, 
so to speak, for a more complete utilization of the galactose by the livei ? 
A phenomenon of interest occuired m J D aftei the injection of 
epmephnne, between the third and fourth horns, the patient showed 
definite symptoms of a hypoglycemic reaction, and the leadings for 
blood sugai at the fouith hour indicate the reason for this Such a 
reaction must be kept in mind when epmephnne is admmisteied 
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On the evidence presented, we believe that theie is no kidne} 
threshold for galactose This opinion is shaied by Rowe and 
Chandlei, 2S and finds confirmation in the observation of excretion ot 
sugar after very small doses of galactose m the expenments of Folin 
and Beiglund 3 Regarding fructose, the last-named authois concluded 
that it has a renal threshold compaiable to that of dextrose Bodanskv 20 
reached a similar conclusion with experiments on animals, and Spence 
and Brett, 29 after a clinical study, discaided fructosuna as a measuie of 
hepatic function because of the renal threshold involved 

THE GLANDS OF INTERNAL SECRETION AND THE METABOLISM 

OF GALACTOSE 

The objections, on theoretical grounds, raised by Bloomfield and 
Hurwitz 30 to the utilization of carbohydi ates m woik on the function 
of the livei can be leadily offset These authois claim that hypophyseal, 
thyroid, pancreatic, supiarenal and neuiogemc conditions may effect the 
metabolism of the sugars The effect of insulin on the utilization and 
excretion of galactose has been indicated m table 2 As to the action 
of the other glands of internal secretion on the metabolism of galactose 
we quote from Sohs-Cohen and Githen’s textbook on pharmacothei a- 
peutics, “Adrenalin pioduces a hyperglycemia which is due to the 
mobilization of glycogen, the store of which is diminished, and also, m 
part, to increased formation of glucose from proteins Thyioid 
increases the lesponse of the system to adrenalin, while thyroid secietion 
is decreased under the influence of pituitnn administration ” 

It is evident fiom these facts that the effect of the glands of mtei nal 
secretion on the metabolism of carbohydrate, insulin excepted, is 
dependent, duectly or indirectly, on the suprarenals Having shown 
the absence of any important effect of epinephrine on galactose excre- 
tion (table 4), one may disregard the relationship of endocnne dis- 
turbances m utilizing galactose m studies on the function of the liver 
Analyzing Rowe and Chandler’s 28 forty-four cases m which studies 
with galactose veie performed on a few normal persons and on a variety 
of persons with endocrine distuibances, we find that m only'’ one case 
did the urinary excretion reach 3 Gm These authors did not state 
whether they attempted to differentiate between dextrose and galactose 
m this case 


28 Roue, A W, and Chandler, J Metabolism of Galactose Blood Sugar 
Curves, Endocrinology 8 803, 1924 

29 Spence, J C, and Brett, P C The Use of Levulose as a Test for Hepatic 
Insufficiency, Lancet 2 1362, 1921 

30 Bloomfield, A L, and Hurwitz, S H Tests for Hepatic Function 
Clinical Use of the Carbohydrates, Bull Johns Hopkins Hosp 24 375, 1913 
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SUMMARY 

Briefly, we may state that m galactose we believe we have demon- 
strated a sugar that is suitable for the testing of the function of the 
liver This conclusion is based on the aforementioned studies on the 
metabolism of galactose To recapitulate 

1 It is obtainable m pure foim 

2 It is readily absorbed from the digestive tract 

3 It is conveited into glycogen by the liver with some difficult}- as 
compared to other sugars (dextrose and fructose) 

4 It is practically not utilizable by any other tissues than the livei 

5 After it reaches the general circulation, it is excreted in the mine 
legal dless of either the state of the renal excretory mechanism or the 
activity of the endocrine glands 



CUTANEOUS REACTIONS TO HISTAMINE 

reactions in occlusive and spastic vascular disease 

AND IN CHRONIC INTECTIOUS ARTHRITIS ' 

JOHN M CALDWELL, Jr, 1ID 
Fellow in Medicine, the Ma\o Foundation 

AND 

JOSEPH G MAYO, MD 
Fellow in Surgery, the Mayo Foundation 

ROCHESTER, MINN 

The chaiactenstic cutaneous reaction to histamine was described by 
Eppmger 1 and by Sollmann and Pilcher 2 A small area of the skin is 
cleansed with alcohol and is allowed to diy A diop of 1 1,000 solution 
of histamine acid phosphate is placed thereon and is mtioduced mtia- 
dermally by pricking with a fine needle The excess histamine is gently 
wiped away with a piece of gauze The reaction is chaiactenzed by 
a tuple lesponse, namely (1) a reddish-purple spot due to local 
capillary dilatation, (2) a local wheal, due to tiansudation of serum 
fiom the capillaries by reason of increased permeability, and (3) a flare 
due to dilatation of the artenoles by the leflex of a local axon 

Dale and Richards 3 showed that the presence of small amounts of 
epinephime and 0x3 gen aie necessaiy foi the characteristic action of 
histamine to take place Krogh 4 expi essed the belief that unknown 
factors may vary the foimation of the wheals Alexander and his 
co-workers 5 showed that formation of wheals is greatei over the trunk 
than over the extremities and that there is a substance present in the 
skin which augments the usual action of histamine, he suggested that 
the difference m the size of wheals over the trunk and over the extremi- 
ties may be due to the presence of different amounts of this substance 

" Submitted for publication, Aug 13, 1930 

* From the Division of Medicine, the Mayo Clinic 

1 Eppmger, H, quoted by Lewis Blood Vessels of the Human Skin and 
Their Responses, London, Shaw & Sons, 1927 

2 Sollmann, Torald, and Pilcher, J D Endermic Reactions, J Pharmacol 
& Exper Therap 9 309 (March) 1917 

3 Dale, H H , and Richards, A N The Vasodilator Action of Histamine 
and of Some Other Substances, J Physiol 52*110 (July) 1918 

4 Krogh, A The Anatomy and Physiology of Capillaries, New Haven, 
Yale University Press, 1929, p 208 

5 Alexander, H L , Harter, J O , and McConnell, F S Observations on 
the Formation of Wheals II Comparison of Wheals Induced by Allergens and 
by Histamine, Proc Soc Exper Biol & Med 27 484 (March) 1920 Alexander 
H T > Weaier, W K, and McConnell, F S III The Participation of an 
Unidentified Tissue Substance, ibid , p 486 



404 


ARCHIVES OF INTERNAL MEDICINE 


Lewis 0 described in detail the cutaneous leaction to histamine and the 
conditions under which it may vary The reaction may be 1 educed by 
local injury, by the application of extieme heat 01 cold, by the local 
injection of epinephrine 01 solution of pituitary and over the sites of 
telangiectasis or nevi Lewis described a diminished reaction when the 
blood supply is deficient Starr 6 7 made clinical application of the 
cutaneous reaction to histamine and showed that the response is 1 educed, 
delayed or incomplete m occlusive vascular disease 



In this study, noimal peisons, patients with thiombo-angntis 
obliterans and arteriosclerosis who gave clinical evidence of unpaument 
of circulation m the extiemities and patients with Raynaud’s disease, 
scleioderma and chronic aithntis were tested The cutaneous leaction 


6 Lewis, Thomas Vascular Reactions of the Skin to Injury, Irresponsive 
Condition of Vessels with Special Reference to the Pathology of Telangiectases 
and Allied Conditions, Heart 13 153 (Sept) 1926, Blood Vessels of the Human 
Skin and Their Responses, London, Shaw & Sons, 1927, pp 70 and 242 Lewis, 
Thomas , Grant, R T , and Marvin, H M Vascular Reactions of the Skin to 
Injury, Intervention of a Chemical Stimulus Illustrated Especially by Flare 
Response to Faradism, Heart 14 139 (Dec) 1927 

7 Starr, I , Jr Changes in the Reaction of the Skm to Histamine as Evi- 
dence of Deficient Circulation in the Lower Extremities, J A M A 90 2092 
(June 30) 1928 
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to histamine w as determined arbitrarily over the mists and ankles and 
sometimes ovei the knees The wheals and flares were sketched at 
intervals of two and a half, five and ten minutes In general, the wheals 
and flares weie fully developed at the end of two and a half minutes, 
and delay beyond this time was classified as delayed leaction and was 
consideied evidence of decreased circulation Two types of abnoimal 
reaction weie noted (1) simple delay in the full development of the 
wheal and flare, and (2) delaj associated with reduced or incomplete 
wheal and flare, this occuned m cases m which there was greater 
deficiency m circulation, as shown m the accompanying illustration 

Ten noi mal persons were employed as controls Some of these 
persons had cold extremities objective^, and others had warm extremi- 
ties In all, the wheals and flaies were fully developed at the end of 
two and a half minutes Since the intensity of the flare vaned fiom 
1 to 3 when graded on a basis of 1 to 4, and since there was likewise 
slight variation m the size of the wheal, it was felt that the time of 
appeal ance of the wheal and flare was of moie significance than the 
size of the wheal and the intensity of the flaie Hence, the reaction 
was not mtefpi eted to mean deficiency in circulation, unless there was 
delay be)ond two and a half minutes in the full development of the 
wheal and flare 

In each of nine cases of occlusive vasculai disease of the extremities, 
compiismg instances of thrombo-angntis obliterans and arterioscleiosis, 
the cutaneous reaction to histamine was markedlj’’ delayed and reduced, 
and the gieatei the impairment of circulation the moie the leaction w r as 
reduced These results confiim those of Stair, who reported similar 
phenomena De Takats and his coworkers 8 also expiessed the belief 
that delayed, i educed and incomplete leactions of the skm to histamine 
are of value m detei mining the deci eased arterial flow- 

In the gioup of spastic vascular disorders there were three cases of 
scleioderma, one of Raynaud's disease and one of a vasomotor neurosis 
of the Ra) naud type In all, the cutaneous reaction to histamine was 
delayed and i educed Then resection of sympathetic ganglions and 
tiunks was done m thiee of the five cases to release the spastic blood 
vessels The indications foi this opeiation and the results have been 
consideied by Adson and Browm 9 and by Adson and Rowntree 10 In 

8 De Takats, G , Quint, H , Tillotson, B I, and Crittenden, P J The 
Impairment of Circulation in the Varicose Extremitj', Arch Surg 18 671 (Feb ) 
1929 

9 Adson, A W, and Brown, G E Thoracic and Lumbar Sympathetic 
Ganglionectomy m Peripheral Vascular Diseases Therapeutic Value, JAMA 
M 250 (Jan 25) 1930 

10 Adson, A W , and Rowntree, L G Surgical Indications for Sympathetic 
Ganghonectotm and Trunk Resection in the Treatment of Chronic Arthritis, Surg 
Gvnec Obst 50 204 (Jan) 1930 
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one case of scleroderma slight improvement in the leaction, that is, less 
delay, was noted following lesection of the cervicothoracic and lumbai 
sympathetic ganglions and ti links, and this was taken to indicate an 
increased blood supply to the skm The second case of scleroderma 
vas associated with Raynaud’s disease At the time of observation, 
resection of the cervicothoracic and lumbar ganglions and trunks had 
been done, the former, four months pieviousby and the latter, twelve 
days previously Theie had been maiked subjective and objective 
improvement, although some evidence of scleroderma remained, espe- 
cially over the hands There was a slight delay in the formation of the 
wheal and flare over the wrists Over the ankles the wheal developed 
as m a normal pei son, but the flai e was markedly delayed In the third 
case of scleroderma, the reaction was markedly reduced and delayed 
Operation was not done In the case of Raynaud’s disease, the same 
reaction as that of a normal person was obtained seven da;ys after resec- 
tion of the ganglions and trunks The operation was not done in the 
case of vasomotor neurosis of the Raynaud type Thus, m each of the 
cases of spastic vascular disease in which operation was done less delay 
or no delay in the cutaneous reaction to histamine was noted coincident 
with an increased supply of blood 

The test was used in twenty-seven cases of chionic infectious 
arthritis The duration of the disease vaned from six months to twelve 
yeais The degree of involvement of the joints varied fiom that of the 
early stages to gross deformities , some subjects had cold extremities, and 
others had waim extiemities There was no con elation between the 
temperature of the extiemities, the stage of the disease and the degree 
of formation of the wheals Fifteen patients did not undergo resection 
of the ganglions and trunks Of these fifteen cases the flaie was slightly 
delayed m two, whereas the wheal developed within the usual time 
In four othei cases, the reaction as a whole was delayed over the ankles 
In two of these four, the leactions seen in normal peisons weie present 
over the wrists and knees, even though the aithutis aftected the wrists 
and knees to a greatei degiee Twelve patients weie operated on, of 
these, eight were tested after operation only In all, full development 
of the wheal took place within the usual limits of time In thiee of 
four cases observed both before and after operation, there was an 
abnormal reaction In one case, there was a delay m the reaction as 
a whole, and the reaction unpioved slightly aftei resection of the lumbai 
sympathetic ganglions and trunks In the second case there was only 
a slight delay m the flaie, and a noimal wheal and flaie were obtained 
postoperatively In the third case, leaction was delayed, and, since the 
diagnosis was chronic infectious arthritis of the vasospastic type, the 
condition probably should be classed with the vasospastic diseases asso- 
ciated with arthritis Aftei resection of the s\mpathetic ganglions and 
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trunks, the skm reacted normally to histamine After operation the flaie 
was delayed or absent m six of the twelve cases In four cases in which 
a postoperative flare was obtained within the time required by nonnal 
persons, the test was not repeated after the seventh da} In one case 
a flare of the type seen m nonnal persons w r as obtained on the thirteenth 
day, m one on the sixtieth day and m one on the one hundred and fiftieth 
day According to Lewis, the flaie is lost about the sixth day after 
section of the cutaneous nerves, but it may persist for a week or more 
In this small series, the flare had usually disappeaied by the seventh 
postoperative day, but it w r as persistent m a few instances, lasting even 
to the one hundred and fiftieth da} 

SUMMARY AND CONCLUSIONS 

1 The cutaneous reaction to histamine, especiall} the time which 
elapses between admimstiation of the drug and the formation of wheals, 
is of value in detei mining whether or not the blood supply to the skm 
of the extremities is reduced 

2 The reaction is delayed and reduced m occlusive vascular disease 

3 The reaction is delayed and reduced m the spastic phase of Ray- 
naud’s disease and m scleroderma 

4 Improvement is noted m the reaction coincident with an increased 
supply of blood after resection of the sympathetic ganglions and trunks 
m Raynaud’s disease and scleroderma 

5 The reaction is occasionally reduced in chionic infectious arthritis, 
and the degiee of the involvement of the joints or the temperature of 
the extremity appears to have no effect on the time of formation of 
the wheals 

6 When the formation of wheals preoperatively resembled that 
seen in normal persons, no change was noted m the time oi size of for- 
mation of the wheals following resection of the sympathetic ganglions 
and trunks m chronic infectious arthritis In the instances m which 
formation of the wheal w r as delayed preoperatively, there w ? as improve- 
ment following resection of the sympathetic ganglions and trunks 

7 The flare usually is absent or reduced by the seventh day after 
resection of the sympathetic ganglions and trunks, but the usual flare 
may be persistent and may be present at least to the one hundred and 
fiftieth day 



GRANULOCYTOPENIA AND AGRANULOCYTIC ANGINA 

WITH RECOVERY 

REPORT OF EIGHT CASES WITH FOUR RECOVERIES K 
HENRY N HARKINS, PhD 

CHICAGO 

The synch ome described by Wernei Schultz 1 in 1922 and pieviously 
mentioned by Tuik 2 m 1907 has been lepoited fiequently in the last 
three yeais In 1927, Kastlin 3 found foity-thiee cases in the literature 
From June, 1927, to Maich, 1930, more than ninety cases were repoited 
The original syndiome described by Schultz as agianulocytosis and later 
named agranulocytic angina by Fuedemann included an acute onset, 
usually in a woman, with a couise maiked by ulceiation of the mouth oi 
thioat, leukopenia chaiactenzed by a considerable deciease oi absence 
of granular cells and a noimal red cell and platelet count, with death as 
the lesult Some of the cases lepoited since do not coincide m all 
particulars with the syndiome onginally described, since some occurred 
m males, in some there was involvement of the thioat, and m some 
there weie hemouhagic tendencies , in some cases, the patients lecoveied 
In this aiticle the teims agianulocytosis and agi anulocytic angina aie 
used intei changeably foi the Schultz syndrome specifically and the gen- 
eial tenn gianulocytopema is used to include atypical and i elated cases 

Eight cases of granulocytopenia are piesented, four of which seem to 
be agranulocytic angina These cases aie interesting because m seveial 
studies of the blood were made before the onset of the majoi illness, and 
because four of the eight patients recoveied 

Lauter 4 was the first to lepoit a i ecoverv Foui authois, including 
Mooie and Wieder, 5 Fuedemann, 0 McAlpm 7 and Hutcheson, 8 leported 

“ Submitted for publication, Aug 18, 1930 
From the Wilber E Post Service of the Presbjterian Hospital 

1 Schultz, W, and Verse Ueber eigenartige Halserkrankungen (a) Mono- 
cyten Angina (b) Gangr mezierende Prozesse und Defekt des Granulozytensys- 
tems, Deutsche med Wchnschr 48 1495 (Nov 3) 1922 

2 Turk, W Septische Erkrankungen bei Verkummerung des Granulo- 
zytensystems, Wien khn Wchnschr 20 157 (Feb 7) 1907 

3 Kastlin, G J Agranulocytic Angina, Am J M Sc 173 799 (June) 1927 

4 Lauter Zur Frage der mit Agranulozytose emhergehenden Falle von 
septischer Angina, Med Klin 20 1324 (Sept 21) 1924 

5 Moore, J A, and Wieder, H S Agranulocytic Angina Report of a 
Case with Two Attacks, T A M A 85 512 (Aug 15) 1925 

6 Friedmann, U Heilung der Angina agranulocytica durch Roentgenstrahlen, 
Deutsche med Wchnschr 53 2193, 1927, Ztschr f khn Med 108 54, 1928 

7 McAlpm, K Meeting of the Medical Society of the County of New 
York, March 26, 1928 

8 Hutcheson, J M Agranulocytosis Report of Five Cases, Ann Int 
Med 3 883 (March) 1930 
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instances of lecoveiy fiom the first attack and a fatal second attack 
Ihe patients weie of both sexes, the interval between the attacks varied 
from thiee months to two years, and in the interval the polymoipho- 
nuclear neutrophilic leukocytes 1 ose to 60 per cent and the white cells to 
16,000 Windham 9 reported recovery of a man, aged 34, Hutcheson 8 
of a woman, aged 66, Schultz 10 of a woman, aged 30, Ordway and 
Goiham 11 of a woman, aged 46, and Blanton 12 of a man, aged 60, wdio 
w^as given 50 cc of leukocytic extract a day Von Horvath, 13 
Stockmger, 14 Wyatt, 15 Fmmgan 10 and von Domarus 17 reported recov- 
eries Mouqum and Fleury, 18 Rosier 10 and Spengler 20 each repoited 
tw o recoveries Zikov r sky 21 1 epoi ted tw ? o cases m wduch recoveries w^ere 
obtained with pol) valent streptococcus antitoxin Friedemann G repoited 
foui lecovenes following roentgenothei apy , and Call, Gray and Hodges 22 
reported the recoveiy of a woman, aged 27, as a result of roentgen 
therapy One of Thompson’s 23 seven cases is piobably a tiue agianulo- 

9 Windham, R E Turn Cases of Agranulocytic Angina, One Death and 
One Recoven, Ann Otol , Rlun & Laryng 38 470 (June) 1929 

10 Schultz, W Zur Frage der Angmen von atypischen Verlauf, Deutsche 
med Wchnschr 53 1213 (July IS) 1927 

11 Ordway, Thomas, and Gorham, L W Oxford Monographs The Diag- 
nosis and Treatment of Diseases of the Blood, New York, Oxford University 
Press, 1930, vol 9 

12 Blanton, W B Agranulocytic Angina with Recovery, JAMA 92 
2099 (June 22) 1929 

13 ion Horvath, L Case of Agranulocytic Angina Complicated by Gan- 
grene of the Lung, Folia haemat 36 352 (July) 1928 

14 Stockmger, W Changes Taking Place m Blood Picture During Cure 
of Agranulocj tosis, Ztschr f d ges exper Med 65 27, 1929 

15 W\att, T C Case of Agranulocytic Angina with Recovery, New England 
J Med 199 525 (Sept 13) 1928 

16 Fmmgan, F R Agranulocytic Angina, J Missouri M A 24 258 (June) 
1927 

17 ion Domarus, A Zur Lehre von der Agranulozj tose, Klin Wchnschr 
8 779 (April 23) 1929 

18 Mouqum and Fleun Agranulocytic Angina m Two Syphilitics, Recovery 
Following Treatment, Bull et mem Soc med d hop de Paris 53 693 (June 10) 
1929 

19 Rosier, O Agranulocytic Angina, Wien med Wchnschr 77 603 (Mav7) 
1927 

20 Spengler, G Zur Prognose der Agranulozytose, Wien khn Wchnschr 
43 45 (Jan 9) 1930 

21 Zikowsky, J Zur Frage der Agranulozj tose, Wien khn Wchnschr 40 
1376 (Nov 3) 1927, 40 1420 (Nov 10) 1927 

22 Call, M , Gray, B H, and Hodges, F M A Case of Agranuloc\tic 
Angina with Recovery, Am J Roentgenol 20 550 (Dec ) 1928 

23 Thompson, W P Leukopenia Resembling Agranulocytosis with Recov- 
ery, Am J M Sc 180 232 (Aug ) 1930 
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cytosis m which lecoveiy occuried Zadek 24 and Kohn 25 each reported 
a recovei) in cases in which the diagnosis was uncertain, in one case the 
polymoiphonuclears lemamed above 22 per cent and m the other 74 
pei cent of monocytes was piesent At least twenty-four lecoveries 
have been lepoited m the liteiature 

In at least thiee cases the disease developed while the patients were 
m a hospital foi some othei disease, including unexplained jaundice, 
tubeiculous aithritis and fiacture of the tibia m the cases of Ehimann 
and Preuss, 26 Bantz 27 and Huntei , 28 respectively In all of these 
patients the blood count and differential count were normal on entrance 
Dwj er and Helwig 29 leported the case of a boy, aged 6, in whom a blood 
count showed white cells, 5,700, polymoiphonucleais, 29 per cent, and 
lymphocytes, 65 per cent, seven weeks before the development of ulcers 
in the mouth Talley and Griffith 30 reported the case of a patient whose 
blood count showed 7,000 white cells, 31 per cent polymorphonuclears 
and 69 pei cent lymphocytes one month before the onset of the disease 
One of Hutcheson’s 8 patients had an enlaiged spleen and gianulo- 
cvtopema five days befoie the onset of fever Ashworth and Maphis 31 
lepoited a white cell count of 3,500 six weeks befoie the onset of a fatal 
attack One of Potts’ 32 patients, a hospital technician, had several blood 
counts made befoie hei fatal illness fifteen months befoie the onset 
examination of the blood showed white cells, 6,000, lymphocytes, 70 
per cent, eleven months befoie, the blood count showed white cells, 
8,000, lymphocytes, 60 per cent, five months befoie, white cells, 12,000, 
lymphocytes 70 pei cent Anothei of Potts’ patients also showed a 
lelative increase m lymphocytes befoie the fatal illness At least six 
cases m which the blood was abnormal befoie the onset of the fatal 
illness have been lepoited in the hteiatuie 

24 Zadek, I Zur Frage der “Agranulozytose,” Med Klin 21 688 1925 

25 Kohn, F Ueber monozytare Reaktion, Wien Arch f inn Med 7 123 

(Oct 20) 1923 

26 Ehrmann, R , and Preuss, J Ueber Leukopenie und Schwund der 
Granulocyten bei Sepsis, Klin Wchnschr 4 267, 1925 

27 Bantz, R Beitrag zur Frage der “Agranulozytoses,” Munchen med 
Wchnschr 72 1200, 1925 

28 Hunter, R J Agranulocytic Angina Report of a Case with Fracture 
of the Tibia, Laryngoscope 36 348, 1926 

29 Dwyer, H L , and Helwig, F C Agranulocytic Angina, Am J Dis 
Child 35 1041 (June) 1928 

30 Talley, J E , and Griffith, G C A Discussion of Six Cases of Agranulo- 
cjtosis, M Clin North An erica 13 1079 (Jan) 1930 

31 Ashworth, O O , and Maphis, E C Virginia M Monthly 54 23 7, 1927 

32 Potts, J B Angina Agranulocytosis, Arch Otolaryng 9 256 (March) 
1929 
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REPORT Or CASES 

Cash 1 —Dr G S, a man, aged 33, single, was admitted to the Piesbytenan 
Hospital on Ang 11, 1925, with a severe sore throat of three weeks’ duration 
The past history included a tonsillectomy m 1920 At that time Sticptococcus 
vmdans had been found m an abscess m one tonsil, the red cells numbered 
4,200,000, and the white cells, 11,500 No differential count was made On July 
18, 1925, he had been treated for an ethmoid infection with cocaimzation and 
suction He went on a motor trip, and a week later had a sore throat and a 
temperature of 103 F, and was given 5,000 units of diphtheria antitoxin even 
though cultures were negative for Klebs-Loffler’s bacilli A smear contained 
many fusiform bacilli, but no spirochetes, and he w»as given two doses of neo- 
arsphenamme and one of arsphenamine After five days m bed, he returned to 
work for a week 

Physical E \ animation —The patient seemed acutely ill and spoke with diffi- 
culty There was no jaundice, and there w T ere no petecluae The nasopharynx 
was inflamed and covered with a thick wdntish discharge The anterior and 
posterior tonsillar pillars were swollen, and the whole neck was involved in a 
woody swelling that extended from the mandible to the sternum There was 
tenderness and redness, but no localized fluctuation The pupils, ears, nose, chest 
and abdomen were normal The temperature was 101 4 F , the pulse rate, 110, 
the respiratory rate, 22, and the blood pressure, 105 systolic and 48 diastolic 

Laboiatoiy Studies — The urine was normal, except for a trace of albumin A 
culture of the blood was sterile Smears from the throat contained gram-positive 
diplococci and occasional spirochetes and fusiform bacilli The blood count 
showed red cells, 5,380,000, hemoglobin, 82 per cent, and white cells, 3,000, 
2,800, 1,800, 600, 350 and 250 on successive days A smear contained 51 per cent 
polymorphonuclears, 36 per cent lymphocytes, 8 per cent basket cells and 5 per 
cent myelocytes 

Cow sc — The temperature rose about 1 F each day, and on August 16, five 
days after entrance, the patient died At that time he was delirious and cyanotic 
There were no rales, but the breath sounds were abnormal, and the temperature 
was 1056 F , the pulse rate, 146, and the respiratory rate, 26 Treatment included 
two transfusions of 400 cc each of whole blood and 20 cc of Dick streptococcus 
antitoxin injected intramuscularly 

Postmoi tern Obscivatioiis — The anatomic diagnosis w r as ulcerative stomatitis 
and pharyngitis, suppurating phlegmon of the neck, extensive bilateral broncho- 
pneumonia, bilateral fibrinous pleuritis, acute general passive hyperemia, cloudy 
swelling of the kidney s, livei and pancreas , acute hyperplasia of the spleen , slight 
generalized jaundice, acu*e emaciation, and fibrous adhesions between the gall- 
bladder and the transverse mesocolon There were practically no polymorphonu- 
clears m the pneumonic portions of the lungs In the bone-marrow there were 
many red cells, no polymoiphonuclears, many lymphocytes, a normal number of 
megakaryocytes, a few myelocytes and some eosinophils The intestinal tract w r as 
intact below the pharynx 

Case 2— G K, a man, aged 39, married, with three healthy children, a laborer 
m a gasoline refinery, was admitted to the Presbyterian Hospital on Aug 12, 
1926, with a sore jaw of two weeks’ duration He was born m Czechoslovakia 
and had been living m the United States for eight years The past history was 
unimportant, except for a possible attack of tertian malaria m 1918, and influenza 
that made him ill for four months in 1920 The present illness began two weeks 
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before admission to the hospital, following the extraction of a left lower molar 
tooth Swelling of the left side of the face, chills once or twice a day, severe 
headache, pain on mastication and soreness of the jaw developed within a few 
days 

Physical Examination — The patient appeared acutely ill and exhausted, and 
there were reddish papules on the chest suggestive of petechiae There was an 
abscess behind the left ear that was later drained and Staphylococcus auieus- 
hcmolyticus obtained There was an offensive odor to the breath like that of 
decayed meat In the mouth were numerous grayish-white areas about the gums 
and on the hard palate There were marked pjorrhea, the pus exuding from a 
ragged wound in the lower jaw, enlargement and tenderness of the cervical lymph 
nodes and palpable but not greatly enlarged axillary, right epitrochlear and 
inguinal lymph nodes The chest was normal, the abdomen soft and the spleen 
not palpable , the temperature was 103 F , the pulse rate, 84, the respiratory rate, 
20 and the blood pressure, 110 systolic and 70 diastolic 

Laboiatoiy Studies — The urine was normal, and the Wasseimann reaction 
was negative In smears taken from the mouth many Spmlla and fusiform 
bacilli were found Cultures contained St) cptococcus vn idans , gram-negative 
and gram-positive cocci and gram-negatne bacilli Two cultures of the blood 
and inoculations of the patient’s blood into animals gave negative results On 
admission, examination of the blood showed 4,400,000 red cells, 4,200 white cells, 
5 per cent polymorphonuclears, 35 per cent lymphocytes and 60 per cent monoc\tes 
Four days later, there were 2,400 white cells and 100 per cent lymphocytes Sub- 
sequently, by August 22, the white cells had fallen steadily to 840, and a long 
search of a stained smear failed to reveal a single polymorphonuclear cell 

Com sc — The temperature fluctuated between 101 and 105 F during the seven- 
teen da>s that the patient was in the hospital A slight jaundice of the skill 
appeared on August 23 No hemorrhagic tendencies were noted On August 29, 
the temperature rose to 108 F (rectal), the pulse rate to 124 and the respiratory 
rate to 38, there were rales in the chest, and the patient died Treatment included 
gargles of peroxide, mouth washes and tw r o intravenous injections of neoarsphen- 
amine A diagnosis of agranulocytic angina was made 

Poshnoitevi Observations — The anatomic diagnosis was acute ulcerative phar- 
yngitis, colitis and ileitis , hyperplasia of the upper anterior cervical lymph 
glands , embolic abscesses of the lungs , gangrene of the lower lobe of the left 
lung , bilateral serofibrinous pleuritis , marked hyperemia of the lungs , acute 
emaciation, and fibrous perisplenitis No polymorphonucleais were present in the 
ulcers, but there were a few in a thrombus m one of the arterioles of the intes- 
tinal w r all The bone-marrow contained few cells, among which were red cells, 
megakaryocytes, normoblasts and lymphocytes, there were no polymorphonuclears 

Case 3 — L H, a girl, aged 2, entered the Presbjterian Hospital on June 11, 
1929, with a sore throat, inanition, lassitude and fever of one w'eek’s duration 
The patient had had whooping cough before the age of 1 year, and she had been 
slightly pale for five weeks before the onset of the present illness During the 
u'eek before entering the hospital, the maximum daily temperature varied from 
101 to 104 6 F (rectal) 

Physical Examination — The patient w r as feverish, pale and fretful The chest, 
abdomen, eyes, nose and ears were normal The pharynx w r as red, and the 
tonsils were enlarged and covered with a grayish exudate The cervical lymph 
nodes w r ere enlarged and tender, but there w*as no marked enlargement of the 
glands m the axilla or groin 
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Labotatoiy Studies — The urine contained a trace of albumin and many pus 
cells The stools were normal, and the Wassermann and Kahn tests gave negative 
results The coagulation time was nine minutes, the platelet count was 90,000, 
the van den Bergh test gave an immediate direct reaction , the icteric index was 
709, and a fragility test did not show complete hemolysis m any tube from 0 50 
to 024 per cent of sodium chloride In the control, hemolysis started at 042 
per cent and was complete at 0 32 per cent The red cells varied from 890,000 
to 2,600,000, and the hemoglobin from 24 to 45 per cent , the white cells numbered 
3,600, 1,800, 1,800, 1,600, 1,500, 850, 1,200, 1,200 2,100, 1,900, 7,200, 11,500 and 
9,200 on different days On June 12, there were 8 per cent polymorphonuclears 
(young forms), 88 per cent lymphocytes and 4 per cent monocytes On July 6, 
there were 43 per cent polymorphonuclears, 47 per cent lymphocytes, 4 per cent 
monocytes and 6 per cent unclassified cells 

Cowse — The patient received three intraperitoneal transfusions of 400 cc of 
whole blood, and afterward became jaundiced Treatment also included the 
administration of epinephrine intramuscularly and 20 cc of Squibb’s leukocytic 
extract intramuscularly every four hours for eight days The temperature 
remained between 102 and 105 F constantly for twelve days and gradually 
dropped to normal m the next four days The patient was discharged in good 
condition on Jul> 6 

Subsequent Course — Fo> eight weeks the patient was well, then for four weeks 
she had a rise in temperature to 103 or 104 F almost every day She reentered 
the hospital on October 30, with swollen glands of the neck, a soft systolic mur- 
mur over the precordium and pain and tenderness over the right tibia Drill holes 
weie made in the tibia, and it is not certain whether pus came out, but cultures 
were sterile The temperature fluctuated between 99 4 and 1066 F A tentative 
clinical diagnosis of osteomyelitis and septicemia was confirmed by doubtful roent- 
gen observations The red cells and hemoglobin were as before, and the white 
cells varied from 11,500 to 24,000 Smears showed 2 per cent polymorphonuclears 
and 9S per cent lymphocytes (many immature) Death occurred on November 6 
Autopsy was not perfoimed 

Case 4 — B B , a business man, aged 64, married, was admitted to the Piesby- 
tenan Hospital on June 25, 1929, with a swollen, painful jaw In 1909, both 
arms and both legs were broken He had not been feeling v r ell for seieral 
months, and had been receiving arsenic for anemia One week befoie entrance 
he had had an abscessed tooth removed His jaw swelled the next day, and he 
had a temperature of from 102 to 103 F 

Physical Examination — There u r ere no abnormalities, except in the mouth 
Theie was no jaundice Theie were tw r o gangrenous patches on the gums and 
some edema of the appositioned cheek The temperature w r as 103 6 F, the pulse 
rate, 112, the respiratory rate, 24 and the blood pressure, 131 systolic and 72 
diastolic 

Labotatoiy Studies — The urine v'as nonnal, except for a trace of albumin 
Spirochetes and fusiform bacilli were found m the gums Material from an 
incision of the face over the jaw contained Sh eptococcus vmdans, fusiform bacilli 
and spirochetes Examination of the blood showed hemoglobin, 62 per cent, 
red cells, 3,400,000, white cells, 1,400 on entrance, 1,300, 1,150, 950, 850, 900 and 
3,000 on successive days, 5,400 on July 4 and 5,200 on July 18 On July 1, with 
3,000 v'hite cells, there were 11 per cent polvmorphonuclears, 58 per cent Ijmpho- 
cjtes, 13 per cent monocytes, 16 per cent joung polymorphonuclears and 2 per 
cent eosinophils 
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Cow sc — The temperature ranged from 101 to 105 F for eight days, and then 
suddenly became normal after a perineal abscess was opened Tissue from this 
abscess contained round cells, but no polymorphonuclears A thrombophlebitis 
of the right leg later de /eloped No hemorrhagic tendencies were noted The 
patient was discharged in good condition on July 24, and a diagnosis of gangrene 
and subperiosteal abscess of the lower jaw, agranulocytic angina, rectal abscess 
and thrombophlebitis was made Treatment included a transfusion of 500 cc 
of whole blood on June 27, and a mouth wash of 50 per cent hydrogen dioxide 
The patient has been observed at intervals since leaving the hospital, and on 
July 1, 1930, the hemoglobin was 78 per cent, the red cells numbered more than 
3,000,000, the white cells numbered 4,700, the differential count was normal, and 
the patient’s general condition was excellent 

Casc 5 — L P , a woman, aged 37, unmarried, a school teacher, entered the 
Presbyterian Hospital on Oct 26, 1929, with diarrhea, nausea, chills and fever, 
headache and soreness of the tongue of two days’ duration She had been in the 
hospital two months before with a condition diagnosed as spinal arthritis and 
secondary anemia At that time examination of the blood showed red cells, 
4,300,000 white cells, 6,100, the differential count vas normal, with 65 per cent 
polymorphonuclears 

Physical Examination — There was no jaundice and no petechiae, and the 
examination was essentially negative except for a soft sjstohc murmur and 
inflamed tonsils 

Laboiatory Studies — The urine, stools, results of cystoscopy and roentgen 
studies of the chest, colon and gallbladder were noimal An agglutination test 
for B melitensis gave negative results The red cells numbered 5,200,000, and 
on October 28, the differential count was normal, with 60 per cent polymorphonu- 
clears The white cells numbered 6,150 on October 26, 7,850 on November 3, 
8,950 on November 10 at 4 p m and 1,375 at 9 p m , and 675 on November 13 

Coin sc — The patient had no more chills and onlj r an occasional rise in tem- 
perature to 99 5 F during the first sixteen days in the hospital On November 
10, the tonsils became very sore, and the temperature rose to 103 6 F in twelve 
hours and remained elevated until death occurred on November 15 No smears 
were made after the fall in white cells A diagnosis of acute follicular tonsillitis 
and lobar pneumonia was made Autopsy was not performed 

Case 6 — M R , a man, aged 20, single, a machinist in a brassworks, who 
was born in Italy, was admitted to the Presbyterian Hospital on June 14, 1930, 
with weakness and pallor of some months’ duration, the condition had been 
worse for two weeks, and sore throat, headaches and dysphagia had been present 
for five days Three daj r s before admission a right peritonsillar abscess was 
incised by an outside physician A thick yellowish discharge and profuse bleeding 
that lasted for ten hours lesulted 

Physical Examination — There w 7 as pallor, but no jaundice or petechiae There 
was much swelling of the right side of the pharynx, with a dirty grav, tenacious 
membrane, surrounded bv a black border on the right tonsil The breath smelled 
like decayed meat There u 7 ere coarse rales at the bases of both lungs , they 
soon disappeared The heart and abdomen w 7 ere normal The temperature was 
103 6 F , the pulse rate, 120, and the respiratory rate, 20 

Laboiatoiy Studies — The urine and stools were normal The Wassermann 
and Kahn tests gave negative results There were Spuilla and fusiform bacilli in 
smears from the raw area The clotting time was one minute, the bleeding time, 
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seventeen minutes and the platelet count, 63,000 Twenty-six blood counts were 
made, the red cells varying from 980,000 to 4,100,000, and the hemoglobin from 
24 to 62 per cent Four times the white cells were below 1,000, being 900 on 
June 21, 24 and 25, and 940 on June 26 On June 21 and 24, there were 100 
per cent lymphocytes, and long search of a stained smear failed to reveal a single 
polymorphonuclear cell The highest point reached by the polymorphonuclear 
count was 31 per cent, on July 21 The last count, made on July 25, showed 
hemoglobin, 46 per cent, red cells, 2,540,000, white cells, 4,250, polymorphonu- 
clears, 20 per cent, and lymphocytes, 80 per cent 

Couise — The temperature followed a septic course, rising to 105 F once the 
first week and to 102 or 103 F at least once a week thereafter After one of the 
blood transfusions, small petechial hemorrhages appeared on the chest, neck, 
shoulders, arms and legs Nosebleeds occurred several times, and the edges of 
the incisions made to expose the veins for transfusion healed with difficulty A 
thrombophlebitis followed one of these incisions on the dorsum of the right foot 
The treatment included ten transfusions of blood of 500 cc each, six ampules 
of liver extract no 343 a day, mass of ferrous carbonate, 10 per cent neoars- 
phenannne m glycerin locally and sedatives When last seen, the patient was 
still in the hospital and was to leave when the thrombophlebitis was better His 
general condition was better, and his throat had practically healed A diagnosis 
of agranulocytic angina was made 

Case 7 — M H , a woman, aged 23, single, a nurse, entered the Presbyterian 
Hospital on June 17, 1930, with the complaint of fever, sore throat, nausea and 
vomiting of two days’ duration A tonsillectomy and thyroidectomy had been 
performed in 1923 The patient was in the hospital in 1928, with colitis and 
malnutrition, at that time, examination of the blood showed hemoglobin, 74 
per cent, red cells, 3,870,000, and white cells, 6,500, no differential count was 
made The onset of the present illness was sudden, being accompanied by a chill 

Physical Examination — The patient was weak and exhausted The throat was 
red and swollen There was a whitish membrane m the right tonsillar fossa and 
about the right tonsillar pillar The cervical lymph glands were swollen and 
tender The eyes, ears, chest and abdomen were normal, and the spleen was 
not palpable The temperature was 101 4 F , the pulse rate 100, the respiratory 
rate, 20 and the blood pressure, 102 systolic and 64 diastolic 

Laboratoiy Studies — The urine contained a trace of albumin, but was other- 
wise normal Chemical analysis of the stools and blood (including urea, uric 
acid, creatinine, total nonprotem nitrogen, sugar and chlorides) gave normal 
results Smears from the throat revealed no spirochetes or fusiform bacilli 
Wassermann and Kahn tests gave negative results Careful hematologic studies 
were made by Dr P H Herron A platelet count and the bleeding time were 
normal On the day of admission, the average of seven white counts was 1,000, 
red cells, 4,300,000, hemoglobin, 86 per cent (Newcomber), and the differential 
count showed 1 per cent polymorphonuclears, 96 per cent lymphocytes and 3 
per cent lymphoblasts 

Course — During the patient’s stay in the hospital, thirty-eight white cell counts 
were made, four of which gave a figure below 1,000, the lowest being 725 on 
June 18 The next day 500 cc of whole blood was given by direct transfusion 
In four days the white cells numbered 9,480 (the highest point reached) and the 
membrane m the throat disappeared That evening an abscess in the neck was 
opened, and the white cells fell to 4,850 the next day The temperature varied 
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from 99 to 101 F for eight days and thereafter was normal The white count 
fluctuated between 3,500 and 5,000 from June 24 to July 13, when the patient 
was discharged in good condition Treatment included the single transfusion of 
blood, the incision of the abscess in the neck and four ampules of liver extract 
no 343 a day Subsequent examinations showed the white cells between 6,000 
and 8,000, and the patient m good condition On July 28, 1930, there were 67 
per cent polymorphonucleais and 33 per cent lymphocytes 

Case 8 — A K, a man, single, a medical student, aged 31, was admitted to 
the Presbyterian Hospital on the Wilber E Post service on June 21, 1930, with 
an acutely sore throat and general malaise of one day’s duration The patient 
had had measles and diphtheria in Russia in 1905, and arthritis in 1929 He was 
m the hospital from April 7 to April 12, 1930, with a febrile attack Pneumo- 
cocci and Sti eptococcus vmdans were found in the throat, and the white cells 
numbered 16,000 On May 1, examination of the blood showed red cells, 
5,000,000, white cells, 5,500, and 29 per cent polymorphonuclears, 63 per cent 
lymphocytes, 4 per cent monocj tes, 0 5 per cent basophils, 0 5 per cent eosinophils, 
2 5 per cent metamyelocytes and 0 5 per cent myelocytes (?) On June 13, a 
tonsillectomy was performed The next week the patient was well and served 
as a clinical clerk in the hospital He did not come in contact with the patients 
m cases 6 and 7 The piesent illness began June 20, with a sudden onset, but no 
chill, severe headache, severe diffuse discomfort in the extremities, weakness, sore 
throat, dizziness and fever 

Physical Examination — The patient was quite weak There were no petechiae, 
and there was no jaundice The pharynx was not red, and there was no post- 
nasal discharge There was a well defined whitish membrane in both tonsillar 
fossae * The upper and lower anterior cervical lymph glands w'ere enlarged and 
slightly tender The pupils, sclerae, nose, ears, sinuses, teeth, gums, lungs, heart, 
cardiohepatic angle and abdomen were normal There was no edema, and the 
spleen was not palpable The inguinal and posterior cervical glands w x ere bareh 
palpable, and the axillary and epitrochlear glands were not palpable The tem- 
perature was 102 8 F , the pulse rate, 104, the lespiratory rate, 20, and the blood 
pressure, 118 systolic and 74 diastolic 

Laboratoi y Studies — The urine w'as normal, except for a trace of albumin in 
three of seven samples The stools were normal Wassermann and Kahn tests 
gave negative results On June 23, smears from the throat contained cocci, 
Spiulla and fusiform bacilli, and on June 29, no Spnilla , occasional fusiform 
bacilli, many encapsulated diplococci and several perfect polymorphonuclears On 
June 23, Staphylococcus albus and Streptococcus hemolvticus were grown from 
cultures taken from the throat, and on June 29, Sti eptococcus hcmolyiicus and 
Sti cptococcus vmdans No Klebs-Loffler’s bacilli or B pyocyaneus were found 
In cultures of the blood taken on June 22, tw r o hemolytic colonies described as 
gram-positive cocci were grown They did not grow wdien subcultivated, and 
were not further identified The clotting time was one and a fourth minutes 
and the bleeding time three and a fourth minutes, and the platelets numbered 
160,000 A corpuscle fragility test showed beginning hemolysis at 0 40 per cent 
sodium chloride, and complete hemolysis at 0 36 per cent , a control show ed 0 42 
and 0 36 per cent, respectively A Widal test showed positive agglutination for 
B typhosus and B pai atyphosus A and B at a dilution of 1 160, and no agglu- 
tination for B melitensis, bovine B aboitus and porcine B aboitus The patient 
had undergone antityphoid vaccination in 1915 and m the spring of 1929 A 
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record of the blood counts is shown in table 1 It is seen that to some extent 
there is what Arneth calls a shift to the left and also what Schilling terms a 
degeneiative shift The changes in the lymphocytes that I have called degenera- 
tion consisted essentially in vacuolization of the cytoplasm 

Cow sc — The patient had a septic temperature for four days, with the highest 
peak, 103 4 F, on the second day There was no fever after June 24 There 
were vomiting, a severe headache that required morphine, difficulty in opening 
the mouth and in swallowing, herpes simplex on the lip that soon disappeared 
and cyanosis of the mucous membranes that developed on June 24 and persisted 


TABLr 1 — Hemogi am of Changes m the Blood in Case S (A Modified Foim of 

the Schilling Hemogi am) 
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The patient was discharged on July 2 in good condition and has been seen at 
weekly intervals since The general treatment included rest and the administra- 
tion of fluids and sedatives Attempts at specific treatment included two ampules 
of liver extiact no 343 a day, the application of mass of ferrous carbonate and 
two intravenous injections of neoarsphenanune 045 Gm on June 22 and 0 3 Gm 
on June 25 Local treatment included applications of 10 per cent neoarsphenamme 
in glycerin and gargles of saturated solution of sodium perborate, 1 2,000 potas- 
sium permanganate and 50 per cent solution of hydrogen dioxide used alternately 

COMMENT 

The question ai ises as to how many of these cases ai e ti ue agranulo- 
cytic angina In agianulocytic angina the bone-manow element pioduc- 
mg the polymoiphonudear neutrophilic leukocytes is interfered with, 
and the elements pioducmg red cells and platelets are undisturbed In 
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all of Schultz’ original cases, discussed by his pupil Leon, 33 the led cells, 
hemoglobin and platelets weie noimal, and theie weie no hemonhagic 
tendencies This qualification tends to lule out cases 3 and 6 These 
two cases, as well as many lepoited in the hteiatuie as agianulocytic 
angina, are probably of a type similai to aplastic anemia In this condi- 
tion all three of the bone-mairow elements are injuied In cases 1 and 
5 there were incomplete blood counts Two ph)sicians in attendance 
on the patient in case 1 stated m a personal communication that the 
differential count included m the histoiy is m enoi, and that several 
otliei smeais not lecoided contained almost no polymoiphonuclears In 

Table 2 — Summary of Obscivations on the Eight Cases Repotted 
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case 5 no difteiential count was made aftei the diop m white cells In 
these two cases theie was also sepsis, which, accoichng to Leon, 33 puts 
them m another group I consider the other foui cases, m three of 
which the patients lecovered, to be agranulocytic angina It is seen that 
this division is somewhat arbitian 

In 2 of the cases the condition developed aftei the extraction of a 
tooth Hill 34 reported 4 such cases A summaiy of observations m 
the 8 new cases reported is given m table 2 In geneial, the different 
items aie similar to those pieviously leported m other cases The pie- 
pondeiance m males, the frequency of finding Sti eptococcus vnidcins m 

33 Leon, A Ueber gangranezierende Prozesse mit Defekt des Granulozj ten- 
systems (“Agranulozytosen”), Deutsches Arch f klm Med 143 118, 1923 ' 

34 Hill, H P Acute Leukemia and Agranulocytic Angina Associated with 
or Following Removal of Teeth Report of Four Cases, California & West Med 
2 5 609 (Nov ) 1926 
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smeais fiom the thioat and abscesses of the throat and the fiequent 
albummuna aie mteiestmg Thiee of the 4 lecovenes occiuied m cases 
that weie piohably agranulocytic angina These 3, with the 24 lepoited 
in the liteiature m about 150 total cases, give a moitality of 82 pei cent 
Kasthn 3 leported a moitality of 95 per cent m 43 cases leviened, 
Fnedemann G 92 pei cent m 47 cases and Oidway and Goiham 11 89 
pei cent in 82 cases leviewed The mci easing use of blood counts will 
piohably cause the lepoited moitality late to continue to deciease 

In looking over the new cases and those reported in the litei atui e, three 
somewhat l elated obseivations stand out (1) the piesence of ulceis m 
extia-oial mucous sui faces, as m case 2 and m the lepoits of Piette,“‘ 
Petii 30 and Schultz, 1 (2) the occunence of ulceiation m some cases 
after gi anulocytopema is piesent, and (3) the occunence of oial ulceia- 
tions as a teimmal manifestation m aplastic anemia and othei conditions 
m which theie is a gi anulocytopema This may indicate that one element 
m agianulocytic angina is a constitutional defect m the bone-mauow 
In view of this possible defect of the bone-maiiow it is of mtei est that 
one of my patients bioke both legs and aims in 1909 One woiked m a 
gasoline lefineiy and another m a brasswoiks, but it was not detei mined 
how much of a factor this might have been 

The treatment for agranulocytic angina is still unceitam In my 
sei les the patients in the fatal cases received practically the same ti eat- 
ment as those who lecoveied In five of the cases m which lecoveiy is 
lepoited m the litei atui e, the patient leceived loentgen theiapy, this 
theiap) was not used in the cases here lepoited At least eight cases of 
agianulocytic angina have been ascnbed to the aisemcal tieatment for 
syphilis, e g, the cases of Pouzm and Malegue 37 However, aisemc 
was used m the tieatment for agianulocytic angina m five of the eight 
cases considered m this papei In leviewmg eighty-two cases, 
Oidway and Gorham 11 stated the belief that m general the patients m 
whom pus has been localized and diamage established are moie apt to 
lecover In five of the eight new cases, theie were localized abscesses 
that required suigical diamage, and m two of them the patients died In 
two of the cases m which the patients lecoveied liver extiact was used 

, SUMMARY 

1 Eight cases of gi anulocytopema with four lecovenes aie 
presented 

2 In foui of the eight cases the condition was possibly agianulocytic 
angina Thiee of the patients lecovered 

35 Piette, E C Histopatliologi of Agranulocytic Angina, JAM A 84 
1415 (May 9) 1925 

36 Petri, E Intestinal Changes m Agranulocytosis, Deutsche med Wchn- 
schr 50 1017 (July 25) 1924 

37 Pouzm and Malegue Case of Agranulocytic Angma Following Arsenical 
Treatment, Bull ct mem Soc med d hop de Paris 52*1786, 192S 
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3 A mild granulocytopenia sometimes precedes the onset of agranu- 
locytic angina 

4 In foui pieviously lepoited cases of agranulocytic angina, the 
patients died of a second attack 

5 One element in agianulocytic angina may be a constitutional 
defect of the bone-mariow 

6 Agianulocytic angina may be confused with aplastic anemia 

7 Liver extiact was used in two of the cases m which recoveiy 
occui red 

8 At least 150 cases of agianulocytic angina with 2 7 lecoveries have 
been reported to date The appioximate lepoited moitality rate is 
82 per cent 

ADDENDUM 

The patient in case 6 died on Oct 21, 1930, with a condition diagnosed 
aplastic anemia with secondary gangrenous stomatitis During the last two 
months of life the red cells numbered between 1,600,000 and 2,200,000, the white 
cells between 1,200 and 2,600, and the polymorphonuclears 12 per cent No autopsy 
■was performed The patients m cases 7 and 8 are living and well, with almost 
normal blood In November, 1930, the latter patient, A K , gave 500 cc of blood 
to a patient, not included m this series, who was suffering from granulocytopenia 
with stomatitis The new r patient recovered No previous instance m which this 
form of therapy w r as used m granulocytopenia could be found in the literature 

Drs Gatewood, E McGinnis, L C Gatewmod, F B Moorehead, R T 
Woodyatt, G L McWhorter and E E Irons gave me permission to discuss their 
cases, and Dr C W Apfelbach supplied the postmortem data 



A TEST FOR GASTRIC ACIDITY 


THE “COMBINED TEST” ' 
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We lecently discussed the advantages of the “combined test” in 
obtaining conti oiled results m deteirmnations of gastnc acidit} The 
combined test embodies the dnect study of gastnc acidity and the 
simultaneous estimation of the unnaiy leaction This test is based on 
the observation that peisons having a lelatively noimal gastnc secietion 
aie pi one to develop a less acid unne after meals, commonly lefened to 
as the alkaline tide On the other hand, patients with a tiue achloih)- 
dna tend to show a lelative fixation of the unnaiy leaction 

In our pievious investigations, we employed histamine subcutaneously 
as the gastric stimulant The fact that no more than 50 pei cent of oui 
patients, m whom fiee hydiochlonc acid was demonstiated m the gastnc 
exti actions aftei the subcutaneous injection of histamine, developed a 
definite urinary alkaline tide caused us to abandon the use of histamine 
as the gastnc stimulant m the combined test 

We decided to use Steel o bouillon cubes (one Steel o cube in a cup 
of wann watei) as the gastnc stimulant Steero bouillon lends itself 
leadily to this pui pose because of its ease of piepaiation and its effec- 
tiveness as a gastnc stimulant 

METHOD OF PROCEDURE 

The patient was requested to urinate at 6 30 a m , empyting the bladder as 
completely as possible This was done again at 8 30 a m , and the hydrogen ion 
concentration (p n) of this second specimen was determined immediately 

A Rehfuss tube was passed about 9 00 a m and the gastnc contents of the 
stomach during fasting extracted The stomach was washed with water until a 
clear return was obtained The patient was then requested to drink two cups of 
warm Steero bouillon (one cube to a cup of warm water) Gastric extractions 
were made from every twenty to thirty minutes over a period of from three to 
five hours The patient was instructed to empty the bladder as completely as 
possible at each urination, and was kept at comparative rest throughout the entire 
test The gastnc specimens were quantitatively analyzed for free and total acidity 

* Submitted for publication, Aug 11, 1930 
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The In drogen ion concentration of the urine was immediately determined with 
the Helhge comparator 1 A determination can be made in a few minutes This 
method is extremely simple and lends itself readily to clinical use 


RESULTS 

Nineteen patients weie studied m gioup 1 The test showed fiee 
hjdiochloric acid m the gastnc exti actions, and a definite tmnary 
alkaline tide was noted 


T \PLr 1 — Result of the “ Combined Test ” in Gioup 1 




Maximum Gastric Aciditj 

pa of Urine 



Free H j dro 

Total 

Initial 

Maximum 

Number 

Diagnosis 

chloric Acid 

Acidity 

jin 

Pll 

1 

Neurosis 

21 

37 

74 

81 

2 

Duodenal ulcer 

47 

63 

56 

70 

3 

Neurosis 

44 

61 

5 0 

GO 

4 

Catarrhal jaundice 

47 

63 

5 G 

7 G 

5 

Chronic constipation 

21 

23 

56 

G 4 

6 

Gastric carcinoma 

4G 

4S 

5 G 

0 8 

7 

Duodenal ulcer 

24 

20 

50 

70 

S 

Gastric ulcer, sjphilis 

40 

GG 

52 

GO 

9 

Duodenal ulcer, sjphilis 

GO 

G4 

04 

7 G 

10 

Neurosis, postoperative adhesions 

20 

30 

68 

73 

11 

Duodenal ulcer 

2S 

40 

52 

GO 

12 

Chronic cholecystitis 

30 

34 

G 2 

72 

13 

Duodenal ulcer 

40 

50 

G 4 

76 

14 

Neurosis 

l r > 

22 

52 

G 4 

15 

Duodenal ulcer 

40 

GO 

52 

G 8 

1G 

Duodenal ulcer 

40 

GO 

GO 

G 8 

17 

Duodenal ulcer 

60 

64 

5 2 

72 

IS 

Duodenal ulcer ? 

30 

4S 

52 

70 

19 

Duodenal ulcer “> 

Gl 

59 

4 S 

57 


Table 2 — Result of the “ Combined Test” in 

Gioup 2 



Maximum Gastric Acidity 

p a of Urme 


l 

Free Hydro 

Total 

Initial 

Maximum 

Number Diagnosis 

chloric Acid 

Acidity 

J)\l 

J?1I 

20 Duodenal ulcer, hypersecretion 

SG 

90 

7 G 

7 G 

21 Chronic constipation 

30 

40 

G 2 

G 2 

22 Chronic cholecystitis 

32 

38 

5 S 

52 



T \bli 3 — Result of the " Combined Test” in 

Gioup 3 



Maximum Gastric Acidity 

jin of Urme 



Free Hydro Total 

Initial Maximum 

Number 

Diagnosis 

chloric Acid Acidity 

jjh Ph 

23 

Generalized arteriosclerosis 

0 10 

52 52 

24 

Pernicious anemia 

0 8 

GO 5 2 


Gioup 2 consisted of thiee patients m whom gastnc extiactions 
showed free hjdiochloric acid and m whom no ui inary alkaline tide Avas 
observed 

The two patients m gioup 3 demonstiated an achloiludna and a 
lelative fixation of the urinary leaction (no alkaline tide) 


1 This apparatus may be obtained from Eimer and Amend, New York City. 
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COMMENT 

The method employed m our “combined test” possesses mam ad-van- 
tages The Helhge compaiatoi lends itself leadily to clinical use m 
deteiminations of uiinaiy p H It is simple, rapid and sufficiently accuiate 
for this test 

The use of Steel o bouillon cubes as the gastnc stimulant has pioved 
satisfactory’- The Steei o cubes can easily be obtained, and the test meal 
leadily prepaied The content of meat extract m the cubes has pioved 
sufficiently gieat to seive as an excellent gastnc stimulant 

In our studies, thiee patients m whom we were able to demonstiate 
tiee hydiochloiic acid m the gastnc exti actions failed to develop an 
alkaline tide One of these patients (no 20) with a duodenal ulcei had 
a marked hypersecietion and hypei acidity (Reichman’s disease) 
Kauders and Poiges 2 obseived that this gioup frequently does not 
develop an alkaline tide because of their continuous maximal gastric 
secietion Othei factois, such as impaiied renal function, prenous diet, 
etc, may be responsible for a lack of agieement between the gastnc 
acidity and the change m unnaiy reaction 

CLINICAL APPLICATION 

We feel that the direct study of the gastnc contents is invaluable. 
However, m patients with caidiac disease and hypertension or in those 
unwilling to permit the passage of a tube, one can frequently gam 
information as to the presence or absence of free hydrochloric acid in the 
gastric content by a study of the unnary alkaline tide 

This test may prove of value in the study of gastnc acidity in 
patients in whom marked duodenal or duodenojejunal 1 egurgitation 
occuis We aie paiticularly interested m studying the gioup of patients 
who have undergone paitial gastrectomies We feel that many of these 
patients may be reported as “anacid,” possibly erroneously so, because of 
the neutralization of the gastnc contents by marked duodenojejunal 
regurgitation through a large stoma The “combined test” may prore 
of value m deciding this question by the simultaneous study of the gastnc 
contents and the unnaiy'' reaction 

CONCLUSIONS 

1 A simple combined test for gastnc acidity with Steel o bouillon 
cubes as the stimulant is descnbed 

2 The gastnc analysis and changes in urinary leaction ( p H ) agieed 
in about 85 per cent of the patients studied 

3 The clinical application of the combined tests has been indicated 

2 Kauders, F , Porges, O , and Essen, H Deutsche med Wchnschr 47 * 
1415 (Nov 24) 1921 



THE TREATMENT OF RESPIRATORY ARREST IN 
THE DRINKER RESPIRATOR 

A CLINICAL AND EXPERIMENTAI STUDY ' 

DOUGLAS P MURPHY, MD 
CECIL IC DRINKER, MD 

AND 

PHILIP DRINKER, ChE 

BOSTON 

Failuie of lespnation is a decisive occuirence that must be met at 
once by substitution of mechanically induced bieathing It is so critical 
an emeigency, so desperately ceitam to be fatal, that appliances and 
methods foi aitificial respuation have even been granted a ceitam maigm 
of dangei if they, m the mam, promised to peiform well In his leview 
of the histoiy of aitificial lespiration, Keith 1 descnbed the develop- 
ment of bellows appliances foi 1 esuscitation as eaily as 1732 Such 
devices weie given much attention, and weie not discaided for use by 
the Rojal Humane Society until 1837 Then 1 ejection resulted fiom 
the laige amount of haim that it was shown they might produce The 
lungmotoi and the pulmotoi, modem appliances very sinnlai to the 
bellows devices of a hundied yeais ago, have had an identical histoiy 
The introduction of carbon dioxide as a stimulant for bieathing m 
asphyxia m 1922 gave promise of doing away with the necessity foi aids 
othei than the simple pi one piessuie method of aitificial lespnation 
But, though most gratifying results n ere obtained, cases kept appearing 
in which it seemed that life might have been saved had it been possible 
to piovide aitificial respiration for a long penod of time by a method 
imitating normal bieathing and permitting the patient to sleep and take 
food 

In 1929, Drmkei and Shaw 2 published a descnption of a device 
capable of meeting these lequirements Since then many patients 
hare been tieated m this new respnator Seveial of these cases have 

Submitted for publication, Aug 30, 1930 

1 From the Departments of Physiology and Industrial Hygiene, Harvard 
School of Public Health, Boston, and the Institute of Gynecological Research, 
Gvnecean Hospital, Philadelphia 

1 Keith, A Lancet 1 745, 1909 

2 Drinker, P , and Shaw, LA J Clin Investigation 7 229, 1929 Shaw, 
L A , and Drinker, P J Clin Investigation 8 33, 1929 
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been highly successful, of which two instances have been published 3 * * * 
and have indicated that patients may be made to bieathe aitificially ovet 
long penods without the slightest evidence of untowaid effects from the 
artificial lespnation Many other cases have terminated fatally This 
is to be expected w hen it is considei ed that the device has been used m 
the treatment for rapidly progressing poliomyelitis, advanced caibon 
monoxide poisoning, respiratory failure later ascertained to be due to 
cerebial hemorihage, etc Such results have nothing to do with the 
efficacy of the lespnator That question depends on the ability of the 
device to opeiate foi long penods without of itself contributing damage 
to the lungs 

In using the lespirator, the subject is enclosed in an an tight metal 
tank, fiom which the head piotrudes through a lubber collai Respi- 
ratory movements are induced by an electrically driven pump and an 
appropnate system of valves While a paitial vacuum is being pioduced 
around the body, the chest enlarges and inspiiation occuis Expiration 
lesults from the elastic lecoil of the chest when the partial vacuum is 
abolished by the succeeding 1 evolution of a valve The late of breathing 
is controlled by the late of the motor and the depth of breathing by 
an increase 01 deciease of the seventy of the suction applied inside the 
metal tank to the body of the subject 

Studies on noimal persons and a realization of the conditions that 
are likely to be met clinically have raised three impoitant questions 
m connection with the employment of this new method of artificial 
lespiration 1 What is the depth limit of aitificial respuation (expiessed 
m centimeters of water, negative piessuie) that can be emplojed with 
safety 7 2 Should signs of respiratory failure increase — m spite of 
moderate usage of the lespuatoi — can the efficiency of the method be 
increased by mci easing the negative piessuie, or does one begin to 
produce damage to the lungs and so jeopardize the chance for ieco\eiy 7 
3 What special technic is necessary m oidei to apply this foim of 
theiapy to infants suffeimg fiom acute asphyxia 7 

Partial answeis to these questions are available through experience 
with normal subjects, with patients and through experiments on animals 
They indicate that the respirator is extraordinarily efficient m getting 
air into the lungs, except m the presence of atelectasis oi gross bionchial 
obstruction It is this veiy efficiency that makes it necessaiy that the 

3 Wightman, H D , and Shaughnessy, T J A Case of Respiratory Failure 

Successfully Treated m the Drinker Respirator, J A M A 93 456 (Aug 10) 

1929 Shambaugh, G E , Harrison, W G, and Farrell, J L Treatment of 

the Respiratory Parahsis of Poliomyelitis in a Respiratory Chamber, J A M A 

94 1371 (May 3) 1930 
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appliance be used with discernment and piudence, paiticulaily in the 
presence of pathologic conditions m the lungs The following fatal cases 
have been selected from our expenence dui mg the past year In each 
instance the lespirator was employed against gieat odds and as skil- 
fully as our judgment pei nutted It is doubtful whether today the 
outcome could have been alteied in a single instance, but ceitam lessons 
weie learned that help to answei the questions we have asked, and 
since the use of the respiratoi is mci easing this expenence may be of 
value to otheis The cases lepoited occuued m two adults and six 
prematuie infants 

REPORT OF CASES 

Case 1 — Acute Poliomyelitis with a Tcnnmal Bi oncho pneumonia 

L C , a white woman, aged 25, was admitted to the Peter Bent Brigham Hospital 
on Oct 16, 1929, suffering from respiratory difficulty and paralysis of the extremities 
She became sick on October 11, with headache, fever, vomiting, stiffness of the 
neck and malaise, followed by a gradually increasing paralysis Difficulty in 
breathing was observed the same day At 1 00 a m on the day of admission 
(October 16), the pulse rate and respiratory rate were elevated, and the tempera- 
ture was 104 F The abdominal muscles were tense There was a loss of power 
m the right arm The knee jerks were gone, and both legs were paralyzed The 
patient was cyanotic, and during examination became more so on being turned 
over Her condition was diagnosed as poliomyelitis She was placed m the 
respirator at 1 15 a m , already suffering from lack of oxygen and able to 
breathe but slightly At first a number of deep breaths were gnen, the negative 
pressure being raised to 35 cm It was later reduced to 20 cm Below this point 
the patient would object and ask for more air The following day the pump was 
run at 25 cm pressure and at a breathing rate of 20 per minute While the 
patient was being given artificial respiration, the cyanosis and dyspnea disap- 
peared Both recurred rapidly whenever the machine was stopped At the end 
of eight hours of treatment, swallowing became difficult, and the pump could not 
be stopped for more than a minute without the development of cyanosis On the 
morning of October 17, the patient was unable to swallow That evening, a 
negative pressure of 28 cm was required in order to pre\ent the appearance of 
cyanosis Death occurred at 4 00 a m on October 18 

On admission there were no marked signs of abnormality m the lungs as 
evidenced by loud rales or marked dulness The breathing was, however, so bad 
as to preclude the possibility of careful examination Near the time of death, 
bubbling rales could be heard above the noise of the respirator During the entire 
illness, the condition was so critical as to make thorough examination of the 
chest impossible, so that there is no direct evidence on the development and 
progress of the condition of the lungs found at autopsy 

In summary, this was a rapidly advancing case of poliomyelitis , the patient 
u'as somewhat asphyxiated when treatment began and so severely paralyzed as 
to make it impossible to change her position during most of the fifty-five hours 
that she was m the respirator An alarming increase in pulse rate began about 
twenty hours after admission, and possibly indicates the onset of pneumonia The 
patient lay flat on her back in a horizontal, not a head-down, position, and for 
the last sixteen hours was made to breathe only by the use of excessively high 
suction 
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Autopsy Rcpoit — The anterior mediastinum and pleural cawtics showed 
nothing abnormal The right lung weighed 370 Gm and the left 330 Gm Both 
lungs were crepitant throughout, though the crepitation was diminished in degree 
in both low'er lobes, particularly in the right Along the most dependent margins 
■of both low'er lobes there was a fairly well demarcated dark reddish-blue region 
representing intense congestion , however, even here there v T as a slight amount 
of crepitation The visceral pleurae were everywhere moist, smooth and glisten- 
ing The surfaces of the lungs were mottled gray and black and grawsh \ellow, 
tinged by red in the lower part of the lobe Surfaces, made by cutting, weic 
pink in the upper part of the lobes and led in the lower part, owing to the more 
intense congestion m the latter regions Numerous small, blotchy led regions 
were noted throughout both lungs, representing early bronchopneumonia In the 
lower part of the right lobe there were several consolidated regions, practically 
airless On section, these showed deep red granular surfaces from which a 
moderate amount of serosangumeous and purulent material could be expressed 
on pressure Sections through the most dependent portions of the lower parts of 
both lobes, the areas that appear deep i eddish blue externally, were dark led 
and repiesented mainly intense congestion Several branches of the pulmonary 
vessels were opened, and no ante mortem clots were found Within the bronchi 
there was seen a small amount of .mucoid material, and near the regions of 
consolidation, mucopurulent material The bronchial walls were slightly injected 

Microscopic Examination — Two sections of lung showed an acute broncho- 
pneumonia, hemorrhage, edema and congestion The pneumonic process was of 
an acute type characterized by hemorrhage and a varying degree of polymorpho- 
nuclear infiltration The hemorrhagic exudate, however, was the outstanding 
feature The alveoli frequently contained lound or oval dear spaces about which 
there was a rim of exudate The clear spaces represented globules of entrapped 
air In the exudate, both of hemorrhagic and of purulent type, there were many 
cocci, usually in chains The bronchi contained an exudate more or less similar 
to that found in the alveoli Their epithelium was degenerated, owing for the 
most part to postmortem changes, but there were some bronchioles that showed 
rather extensive infiltration by polymorphonuclear leukocytes All of the blood 
vessels showed marked congestion, and some of the smaller ones thrombosis 

The type of hemorrhagic exudate observed is frequently found in acute strepto- 
coccic infections of the respiratory tract That exudate entered bronchi and 
alveoli by an aspirational process was evident by the entrapped globules of air It 
was the opinion of the pathologist that the hemorrhagic exudate in the alveoli 
might be an expression of trauma from the artificial respiration, although it was 
equally probable that it was a streptococcus effect, as streptococci were abundant 
m the exudate 

In this case the patient had suffeied fiom acute asphyxia foi about 
one hour prior to the use of the respirator In conscious patients with 
poliomyelitis, with veiy complete lespnatory paralysis, it has been found 
that the patients’ feelings aie the best guide to the volume of breathing 
to be provided by the respirator Ovei ventilation is always unpleasant 
A normal peison m the respnator will ask for an adjustment of rate 
and depth of bieathmg that avoids the production of apnea when the 
lespirator is stopped Paralyzed patients are capable of gning the same 
instruction, although the tiutli of their judgment cannot be pioved by 
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stopping the machine As the disease progiessed in L C , cyanosis again 
developed, and to combat this the suction applied by the respnator to 
produce inspnation was mci eased It is our opinion that on admission 
— possibly as a result of asphyxia, for the type of asphyxia due to carbon 
monoxide poisoning is capable of producing fluid in the alveoli and 
bionclnoles, and possibly as an independent piocess — this patient had 
excess fluid in the lungs, which, as she lay flat on her back, giavitated to 
the dependent postenor poitions of the lungs and slowly shut off laige 
aieas from the entiance of an To combat this the action of the respi- 
lator was mci eased, but the result of this mciease was piobably to 
pack bionchiolar exudate to a maximum degree and to produce hemor- 
lhage fiom ovennflation of such alveoli as were compelled to leceive 
an 01 weie open but shut oft from the an by bronchiolar plugs It 
has been oui expenence that patients known to have diffuse exudative 
piocesses m the lungs do poorly m the respnatoi, and maximally so 
if it is impossible to change their position fanly fiequently In a case 
as fai advanced as that of L C , the patient must be tieated, but the 
lespiratoi should nevei beiun with moie than minimal pressures, and the 
foot of the appliance should be laised to piomote drainage toward the 
mouth, as indicated bv the animal expenments that conclude the papei 

CAsr 2 — Acute Poliomyelitis with Bi oncliopncumoma and with Traumatic 
Emphysema of the Lungs and Mediastinum 

H P , a white man, aged 18, was admitted to the Peter Bent Brigham Hospital 
on Oct 27, 1929, with the chief complaint of difficulty in breathing For two weeks 
prior to admission the patient had been ill with a mucopurulent bronchitis Forty- 
eight hours before admission, dizziness, fever and chilly sensations -were observed 
Twenty-four hours before admission paraljsis began, the right arm becoming 
affected first The morning of the day of admission, the accessory muscles 
of respiration -were brought into plav, and coughing became impossible On 
admission the patient was extremeh cjanotic He was placed at once in the 
respirator, which promptly relie\ed the cyanosis, but did not restoie conscious- 
ness At this time a negatne pressure of 20 cm was employed with a respiratory 
rate of 20 per minute The artificial respiration was begun at 12 50 a m , October 
27, and was carried on continuously until death at 3 35 p m , October 28 From 
time to time large amounts of thick yellow mucus were raised, and four hours 
before death a foamy white mucus was obser\ed At this time swallowing 
became difficult Although moderate negative pressures were employed most of 
the time, toward the end of life extremely high pressures were used (from 40 
to 60 cm ) as the patient’s condition seemed to be getting worse Even these 
pressures did not prevent the cyanosis from advancing 

In summary, this was a case of acute poliomyelitis, in which the patient was 
greatly asphyxiated when placed in the respirator Unfortunately, the paralysis 
was superimposed on a seveie purulent bronchitis Like L C, the patient was 
given artificial respiration while flat on his back and in the horizontal position, 
when, after a few hours of relief, cyanosis appeared and began to deepen, the 
suction or inspirator}’- phase of the machine was increased 
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Autopsy — The pleural cavities contained no fluid, and the surfaces were eveij- 
where smooth in the right side of the chest The left pleural cavity, how c\ er, 
showed old fibrous adhesions between the lower lobe and the parietal pleura in 
two places, one at the apex of the lower lobe There w r ere no recent adhesions 
As soon as the chest plate was removed, a striking emphysema of the lungs and 
anterior mediastinum, due to small blebs, was noted The emphysema m both 
lobes w'as limited to the crepitant portions, w'hich were anterior and medial There 
was striking emphysema of both the anterior and the posterior mediastinal spaces, 
that had undoubtedly developed from the associated emphysema of the lungs 
The mediastinal tissues were puffed up with many small air-filled blebs, wduch 
were nearly confluent and covered the anterior surface of the pericardium The 
right lung weighed 460 Gm and the left 440 Gm Both showed the same picture 
Almost the entire lower lobe on each side was discolored a reddish purple, 
and was firm and hear y, owung to consolidation Only the extreme anterior edge 
W'as somewhat pinker, and was crepitant, though not fully so The middle and 
upper lobes showed the same discoloration, but to a distinctly less degree, and 
toward the apexes they w'ere pinkish red but not purple The posterior portions 

Disti ibution of Lesions in the Lungs of Fifty-Sn Cats Gitcn Aitificial Rcspuation 
m Hoi izontal and Head-Down Positions 
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of these lobes felt firm and slightly lumpy, strongly suggesting the feel of sago 
or tapioca pudding The consolidated mass merged into the more crepitant mass 
lather indistinguishably The lobes of each lung were incised posteriorly, and a 
considerable amount of thick bloody fluid flow'ed out freely This was more 
prominent in the lower lobes, but was also present definitely in the upper lobes 
Running the finger over the cut surface disclosed a consistency suggestive of 
tapioca This consolidation gave a somewhat granular appearance, and when 
pressure w'as exerted mucopurulent material was expressed from the small bronchi 
and some pus from the alveolar spaces, in addition to the blood There was an 
extensive bronchopneumonia, plus a mucoid or mucopurulent bronchitis, which 
had greatly hindered good aeration When the bronchi -were examined the mucosa 
w'as pinkish red, and there was a large quantity of tenacious mucopurulent 
material m practically all of the branches This seemed to be about the proper 
consistency to interfere greatly with the passage of air in and out The mucus 
bubbled easily The emphysema m the lungs was limited to the pinker areas along 
the anterior margins and upper portions that w'ere not dependent, and none w*as 
present in the grossly consolidated areas Frequently the blebs were arranged in 
linear streaks on the surface of the lung tow'ard the anterior free edge Extending 
from the free edge tow'ard the lulus there w'ere definite streaks of emphysema, 
and these could be seen to follow the course of the blood vessels It was surely 
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by this method that air escaped from the ruptured alveoli and followed the course 
of the blood vessels to the hilus and mediastinal tissues, where emphjsema was 
also marked 

Mtaoscopic Examination — Numerous sections of the lung showed bronchitis, 
bronchopneumonia and emphysema The degree of the pneumonic involvement 
and the age varied from an old process, in which the lung was completely solidified 
by an exudate composed of polymorphonuclear leukocytes and fibrin, to initial 
stages in which there was merely edema and congestion In sections showing less 
extensive involvement the bronchi were filled with purulent exudate Their epi- 
thelium was intact, and there was little infiltration of the adjacent tissues or 
alveoli In others, there had been an infiltration of both the peribronchial tissue 
and the alveoli Here and there the alveoli displaved a central oval or round, clear 
area surrounded by exudate, a condition due to entrapped air and often associated 
with an aspirational pneumonic process A number of thrombosed blood vessels 
were seen, especially in one section that showed extensive involvement and in 
which the alveolar walls were identified with great difficulty, owing to necrosis 
and infiltration of polymorphonuclear leukocytes The pneumonic process was 
essentially a bronchitis and peribronchitis which in places had progressed to a 
confluent bronchopneumonia The more nearly normal lung tissue showed an 
acute emphysema with dilatation and rupture of the alveoli There was a spreading 
of the tissue about the blood vessels, so that they appeared suspended m clear 
areas by a few strands of connective tissue 

111 case 2 it was also necessary to begin aitificial lespiration after 
asphyxia had become dangerously advanced , in addition to this unfavor- 
able circumstance, the patient was known to have a seveie exudative 
bionchitis It was impossible to change the patient’s position In oui 
opinion, the exudate already m his lungs giavitated to dependent areas 
and gradually shut them oft to aeration This induced cyanosis, which 
was countered by mci easing inspiiation thiough mciease of suction 
by the pump This tended to spiead and intensify consolidation, and 
eventually the suction was so far increased as to cause alveolar rupture 
and emphysema in the nondependent paits of the lungs capable of 
leceivmg air In such cases one is confionted with the possibility of 
initiating a vicious cycle certain to be fatal if continued One must 
realize that the breathing patient with a spieadmg bronchopneumonia, 
though dyspneic, probably never applies to his lung tissue the unifoim 
pressuie for air entrance of which the lespnator is capable If one 
lung shows most of the involvement, it is frequently more or less 
quiescent and cannot be forced out of this state even by inhaling excess 
caibon dioxide Furthermore, when in such a patient the lung is so fai 
filled as to leave but little space available foi aeration, the patient 
does not overmflate this tissue His power to bieathe, like the rest 
of his musculai ability, succumbs slowly to lack of oxygen, and he dies 
When, however, the respnator is used in connection with acute exudative 
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processes in the lungs, nothing protects aftected areas against inflation 
One must use the lespuator under as low pressuie as possible and must 
do all one can to pre\ ent hypostatic spread of the condition by changing 
the position of the patient and by using the respiratoi at least for 
bnef periods with the patient’s head lower than his feet 

Case 3 — A Picmaimc Infant with Cyanosis 

L, a girl, aged 1 da>, who weighed 1 pound, 11 ounces (765 44 Gm), was 
admitted to the Children’s Hospital on Oct 17, 1929, because of poor condition 
owing to prematurity , as she w as a seven months’ child Breathing w as rapid and 
irregular, and the cry w^as weak Cyanosis was present The infant w j as placed 
m the respirator twenty-four hours after admission, and lived m it throughout 
the entire duration of the stay in the hospital, thirty -three days For the first ten 
days the respirator was run for from ten to fifteen minutes every hour, or wdien 
a cyanotic attack occurred A breathing rate of 40 per minute was employed, and 
a negative pressure of from 18 to 22 cm of water After the first ten da> period, 
and for the remainder of the child’s life, the respirator w>as run almost continu- 
ously Five per cent carbon dioxide and 95 per cent oxygen were frequently 
employed during the latter period Throughout the period of treatment the infant 
was changed in posture, from back to side, ahvays, however, with the body hori- 
zontal The color w'as usually improved by the machine, but improvement did 
not always take place immediately There was much mucus m the mouth at all 
times During the fourth week of treatment, the temperature became unsteady 
and the cyanotic attacks more frequent Death occurred on Nov 18, 1929 

This patient w r as a premature infant, very small indeed and subject to recurring 
attacks of asphyxia, who was treated successfully in the respirator for almost a 
month, when cyanotic attacks became very frequent, and death occurred in the 
fifth w'eek Though the position w r as changed very often, the head w r as ne\er 
lower than the feet 

Autopsy Repoit — No fluid or adhesions w^ere observed in the pleural cavities. 
The surfaces were all smooth and glistening The right lung weighed 15 Gm , 
the left lung, 12 Gm Both w r ere distended and normal in shape, except for their 
borders, which were somewhat collapsed and atelectatic The visceral pleura was 
thin and transparent, but had a slight grayish tint The underlying interlobular 
septums were quite distinct, and the outlined lobules of the substance of the lung 
on close inspection appeared slightly raised as if they were overdistended Except 
for the atelectatic borders, these emphysematous-like areas were scattered dif- 
fusely over the surfaces of the lungs Externally, the lungs were pinkish red, 
with small, dark bluish-red patches suggesting small terminal hemorrhages Both 
lungs floated, but were less crepitant and slightly firmer than normal On section 
the cut surfaces were reddish, except for the small dark hemorrhagic areas, and 
jielded only reddish fluid on pressure No pus or areas of consolidation were 
seen No thrombi were found in the pulmonary vessels The bronchi were traced, 
and the mucosa w r as found to be smooth and pale throughout 

Microscopic Examination — Three sections showed a number of alveoli packed 
with red blood cells and an occasional leukocyte No purulent exudate was seen 
m the alveoli or bronchi, except for a single alveolus, which contained mam 
leukocj tes and desquamated epithelial cells Two sections showed marked atelec- 
tasis A few alveoli w r ere partially distended The intervening lung tissue was 
represented by thick masses of epithelium and had an immature appearance The 
cells were large, round or oval, and densely packed The capillaries m these 
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atelectatic areas were congested The bronchi were contracted, and occasionally 
contained red cells and desquamated epithelial cells 

In nonatelectatic areas the alveoli were normally dilated In the main, the 
walls were thicker than normal, but in some regions there was definite thinning 
and emphysema The bronchi appeared dilated, and not infrequently contained 
masses of red cells 

In tins case and that of five other piematuie infants showing 
similar lesions at autops), the chai actenstic damage of the lungs con- 
sisted of small hemorrhagic patches scattered thiough the lungs and 
tending, in several cases, to be moie numerous posteriorly and toward 
the bases of the lungs Coupled with this simple hemoirhagic lesion 
were varying amounts of emphysema and of lung tissue that had never 
expanded In no case was theie bi onchopneumonia, though it seemed 
ceitam that it would have occuned had time for development been 
given In every instance the hemorrhagic condition was lecent and but 
shortly antedated death This was evidenced by the entire freshness 
of the extravasated blood, the lack of leaction about the hemorrhagic 
aieas and the small amount of blood that had moved into the bronchioles 
We believe that the hemorihagic lesions lepiesent alveolar luptures 
due to overdistention by the lespiratoi while the alveolai circulation was 
good If such luptme did not occur, the area m question gradually 
reached the 1 datively bloodless condition chai actenstic of emphysema, 
and then if rupture did take place no hemoirhage occuired, and 
one noted the dry emphysema found characteristically thiough all the 
lungs examined The persistence of numeious atelectatic aieas in the 
lungs of a child who was treated in the respnatoi for five weeks makes 
it seem piobable that one cannot open the lungs with any leasonable 
use of the respiratoi 

Finally, the question arises as to what measuies might have been 
taken to avoid the lesions of the lungs, scatteied hemoirhages and 
emphysema that were found regulaily at autopsy Frequent changes 
m position aie unquestionably of importance They have a marked 
effect m pi eventing the gravitational filling of bioncluoles by fluid 
fiom the upper air passages It requires but few expenments on 
cuianzed animals to convince one of the ease with which even viscous 
fluids placed m the lower pait of the trachea are distributed by gravity 
through the lungs If the lespnator is operating with a degree of 
inspiration producing suction about as great as the lung tissue can 
tolerate, the sudden plugging of a bronchiole with the prevention of 
ingress of air appaiently subjects the alveoli served by this bronchiole 
to a degree of tiauma apt to bring about ruptuie It was oui opinion 
that much of the hemorrhagic exudate seen in the second adult case, that 
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of H P , was produced in this wa} The presence of excess mucus in the 
mouth and uppei an passages of piematuie infants is often tioublcsome, 
and was maikedly so in the case that we have reported Yet the 
bronchioles were not significantly filled with matenal of any kind It is 
thus reasonable to believe that no more than a small share of the obsei ved 
damage was created by the bursting of alveoli seived by a plugged 
bionchiole The expenments on animals leported later in the papei 
indicated that penods of respnation with the head loweied oftei the 
best means foi avoiding such damage But in these infants, on whom 
careful obsei vation dui mg life can be coupled with observations at 
autopsy, it seems possible that most of the trauma that produced hem- 
oirhage was an expression of bnef penods of unresisted ovei ventilation 
applied to lelieve cyanosis that may have been due to a vanety of 
causes This again means that m infants, as in adults, the lespuator 
should not be run with moie than the minimal amount of suction capable 
of sustaining life In conti ast to the cases of patients with complete les- 
piratory paralysis, the piemature infants breathed, though at times inade- 
quately They did not fall m with the lhvthm of the respuator as does 
a conscious adult One should use the lespiratoi when the breathing of 
the child becomes inadequate, and should interrupt the action so as to 
allow the child to breathe by itself as soon as it is able to do so 

Last of all, it should be pointed out that the observations on these 
six prematuie infants, five of whom weighed less than 3 pounds 
(1,360 Gm ) and all of whom were regarded as hopeless l isles on 
admission to the hospital, in no sense condemn the respiratoi for use 
m similar cases and foi use on asphyxiated full term infants Von 
Wachenfeldt, 4 using a similar type of respirator, evolved independently 
as a result of unsuccessful expenences with the baby baiospnatoi 
of Thunberg 5 m the tieatment for asphyxia neonatoium, lepoited excel- 
lent results m full teim infants It has been our desire to show that 
m desperate cases certain similar lesions aie found and to indicate as 
well as possible the cause of these lesions and the best means of com- 
bating their occuirence 

EXPERIMENTS 

Animal expenments beanng on our clinical observations ha\e been eas\ to 
construct We have desired to know three things (1) whether or er-respi ration 
of curanzed animals would produce the hemorrhagic lesions that we have found 
in patients , (2) the degree to which matenal in the bronchi increases their occur- 
rence, and (3) the best means of avoiding such damage 

Cats were employed In every case the procedure was as follows The animal 
"as anesthetized with ether A cannula was tied in the femoral rein through 

4 von Wachenfeldt, S Acta obst et grnec Scandinar 9 600, 1930 

5 Thunberg, T Scandmav Arch f Phrsiol 48 80 1926 
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which the injections of curare were made Another cannula was inserted into the 
upper part of the trachea The animal was placed in the respirator with his 
head protruding through the lubber collai at one end At this time 1 5 cc of 
1 per cent curare was injected into the femoial vein, which was followed by 
complete respiratory paralysis within thirty seconds The respirator was closed, 
and artificial respiration was begun 

In order to kill the animal it was bled from the carotid artery Immediate 
autopsy was performed on the lungs The trachea was tied tightly with a heavj 
cord, after which the anterior wall of the chest was removed, and its contents 
were taken out en masse Pictonal records were made of any superficial lesions, 
and the bronchi were explored m cases in which gross lesions were observed 

Twenty-eight animals were given artificial respiration under varying amounts 
of negative pressure, while in the horizontal position A second group, under the 
same negati\e pressures but with the head down, were compared with these A 10 
to 20 degree inclination was used When the damage of the lungs was found, it 
appeared grossly as rather sharply margmated solid dark red areas which, on 
microscopic section, proved to be atelectatic and usually show'ed alveoli containing 
blood Emphysema occurred, but was always slight The accompanying table 
shows the distribution of the lesions It is unfair to the head-down position, m 
that it gives absolute frequency and no indication of the degree of damage that 
was found This was decidedly less in the head-down position, though numer- 
ically as given m the table The distribution of the lesions was irregular, but in 
general they were most frequent in the dependent parts of the lungs For the 
animals in the horizontal position this meant the posterior parts of the lower 
lobes, and for the inclined animals the posterior parts of the upper lobes The 
length of the experiments was usually one hour, though several of the animals 
m the head-down position under 10 cm of negative pressure were carried for 
twelve hours and maintained in excellent condition In many instances it was 
possible to show that the characteristic lesion was associated with a plugged 
bronchus or bronchiole, and, though not mvariablj demonstrated, we feel that 
this was invariably the case Etherization of cats invariably induces a great deal 
of saliva and mucus This material, if it becomes intratracheal, will find its way 
into dependent bronchioles , this occurs particularly under conditions of respiratory 
paralysis The head-down position helps materially to prevent this gravitational 
movement One can see this clearly if a cat is prepared according to the method 
used in these experiments and if heparinized cat plasma heavily colored with 
methylene blue is introduced through a tracheal catheter If the animal is hori- 
zontal this artificial exudate, even under the gentlest artificial respiration, flows 
into the dependent parts of the lungs, and within, a short time causes the appear- 
ance of large areas of atelectasis and hemorrhage When the animal is placed at 
a 20 degree angle, the injected fluid slowly flows out of the mouth, and one 
rarely sees lesions of any sort 

A final observation, particularly on the animals in which respiration was pro- 
duced under high negative pressures, was a definite and generalized pulmonary 
congestion If the respirator is used with too great negative pressures one may 
apparently count on increasing the amount of blood in the lungs and thus favor 
the induction of both edema and hemorrhage 

COMMENT 

On the basis of oui clinical experience and expenments, we shall 
now turn to the questions that were asked m the eaily pait of the paper 
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and that aie of vital unpoitance to any one using the respuator Fust, 
can one give r any definite dnection as to the degree of negative piessme 
that can be applied with safety ? In completely paralyzed adults one may 
apparently expect to do harm if the negative piessuie is gi eater than 
25 cm of water for any considerable time This will consist m the 
appeal ance of scatteied hemonhagic aieas, and these are almost invari- 
ably associated with bronchial plugging The dangei of pioducmg them 
will be gieatly i educed by fiequent changes m the position of the patient 
and by the head-down position This position should alwajs be used 
when theie is evidence or suspicion of excess fluid m the air passages 
Second, if cyanosis deepens under moderate use of the lespnatoi, that 
is, with negative pressures under 20 cm of water in adults, should one 
increase the negative piessuie to piovide relief' 1 At the most, such an 
mciease should be foi a veiy bnef penod — not moie than a minute — 
since it is certain that if the cyanosis is due to filling the lung with 
exudate the increased negative pressure will do harm rather than good 
If the cyanosis is cardiac m oiigm, nothing will be gained by the move- 
ment of moie an Thud, aie theie special piecautions to be taken m 
using the respuator on infants ? Our experience is still rather limited, 
but it would seem that piolonged use of negative piessuies above 
10 cm of watei aie dangerous Owing to the fact that infants aie 
almost certain to have excess mucus and fluid m the bionchi, it is 
impel ative that the) be inclined at an angle of fiom 10 to 20 degrees 
and the position changed frequently A late of about 35 per minute 
is apparently satisfactoiy 

SUMMARY 

1 Clinical and postmoitem data for two adults and six infants 
tieated foi respiratoiy failuie m the Drmkei lespuator aie given 

2 These data show that foi long peiiods the lespuator should be 
used with as low negative piessures as possible, not moie than 25 cm 
of water for the adult and 10 cm of watei foi the infant 

3 Patients with the combination of an exudatne piocess m the 
lungs and respiratoi) paialysis make little progiess when placed m 
the respirator At autopsy they show hemonhagic lesions which, m 
oui opinion, may have ansen following bionclnolar plugging and 
atelectasis Such patients should always be treated m the head-down 
position and changed fiom back to side if it is possible to do so 

4 Infants should not be subjected to negative piessures greater 
than 10 cm of water foi long peiiods, and thev should invariably be 
tieated with the head down at an angle of from 10 to 15 degrees 

5 Expei nnents on animals that beai on these points are discussed 



ANEMIA ASSOCIATED WITH CHRONIC DYSENTERY 


CLINICAL CONSIDERATIONS, WITH SPLCIAL REFERENCE TO THE 
CAUSE AND TREATMENT * 

CHESTER S KEEFER, MD 

BOSTON 

AND 

CHI SHIH YANG, MD 

AND 

I< K HUANG, AID 

PEIPING, CHINA 

In a pievious papei 1 we emphasized the nnpoitance of nutritional 
distui bailees in the pioduction of anemia in patients with chronic 
dysentery In stuch mg furthei a numbei of these patients, w e were 
impressed by the similauty between many of the clinical features 
observed and those which aie said to be chaiacteristic of pernicious 
anemia In this papei we piesent our clinical observations and discuss 
the cause and tieatment of the anemia encounteied m a gioup of sixteen 
patients 

METHODS Or STLDY 

All of the patients weie studied while lesident m the Peiping Union 
Medical College Hospital The diagnosis of chiomc dysenteiy was 
made on a basis of the clinical histoiy. including the course of the 
disease, the observation of characteristic ulcers m the colon on sig- 
moidoscopic examination and from cultivating dysenteiy bacilli fiom 
the stools The led blood cells weie counted m the usual way, and 
the hemoglobin content of the blood was detei mined m a Salih hemoglo- 
bmometer that had been standaidized with the ox)gen capacity method 
so that 100 per cent was equal to 17 Gm of hemoglobin per one hundred 
cubic centimeters of blood The leticulocytes weie counted, the dr) 
smear technic being used Gastnc analyses weie done following the 
injection of 0 5 mg of histamine, and the highest acid value obtained 
during the test was noted In case no free acid appealed following the 
injection of histamine, the test was lepeated at vanous intervals duiing 
the course of the illness to detei mine whethei oi not the ability of the 
stomach to seciete acid changed The diameteis of the eiythiocytes weie 
obtained by dnect measurement of 500 cells, an ocular miciometei that 

' Submitted for publication, Sept 15, 1930 
From the Department of Medicine Peiping "0111011 Aledical College 

1 Keefer, C S , Huang, IC K and Yang, C S The Importance of 
Undernutrition 111 the Production of Anemia Associated with Chronic Disenterv 
and Tuberculosis of the Intestine, Nat M T , China 15 743, 1929 
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had been properl} calibrated being used The Price-Jones curves weie 
plotted from these data The treatment of the patients raried accoidmg 
to mdn idual circumstances In the earl} part of our investigations, 
when we were more consen ative, we used transfusion of blood as a 
therapeutic measure In some cases other forms of therap} were 
instituted immediatel} , because the patients w ere ver} ill, while m others, 
a control period was observed before special therap} was begun When 
liver extract was given, the product manufactured by the Parke, Davis 
Compam w as used m amounts equn aient to 300 or 500 Gm of w hole 
liver a da} When whole h\er was given, it was mixed with rice or 
soup Iron was administered m the form of pills of ferrous carbonate 
U S P , m amounts van mg from 0 9 to 4 8 Gm daih 

INCIDENCE or ANEMIA IN PATIENTS WITH DYSENTERY 

While anemia has been recognized as a complication of d}senterv 
and reported b} Se} derhelm, 2 Lepehne, 3 Oestrich, 4 ourselves 1 and 
others, most of the reports have been of small groups of cases To 
gather information legardmg the presence of anemia m patients with 
d}senten obsened in our medical clinic, we studied the clinical records 
in 350 proved cases The results are tabulated m figure 1 The cases 
were divided into two groups those with chronic dysenten (group A) 
and those woth acute d}sentery (group B) Those in group A had had 
S} mptoms of d} sentery for tw o months or longer w hile those m group 
B had had S} mptoms for less than tw r o months While we appreciate 
the difficult} of attempting to classif} one case as acute and the other as 
chronic and separating them on a basis of the duration of the illness 
being under or over tw o months w e selected this period of time as the 
dividing line because fifteen of the sixteen patients studied had anemia 
associated with active d} sentery for over two months We believed, 
therefore that if other cases were to be compared, it would be desir- 
able to divide the cases in this way Figure 1 shows that anemia was 
more common m group A than in group B The various factors that 
explain this difference will be discussed 

REPORT or ILLUSTRATIVE CASES 

C\se 1 — 4 man until chrome dysentery, anemia, ah oph\ of the papillae of 
the tongue, normal gastric acidity and no signs of degeneration in the central ner- 
vous system improved remarkably folloz^mg liver extract The anemia improved, 
and the tongue became normal in appearance 

2 Se\ derhelm, R Die Pathogenese der pcrniziosen Anamie, Ergebn d inn 
Med u Kmderh 21.361, 1922 

3 Lepehne, G Zur Frage der mtestmale Genese der permsiozen Anamie, 
-Med Klin 21 203, 1925 

4 Oestreich, Carl Ueber die Haufung der Falle \on Anamia permziosa, 
ihre Ursache und emige prmzipielle Gesicht-punkte, Krankheitsforschumr 2 389 
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Histoiy — A soldier, aged 23, was admitted to the hospital on account of diar- 
rhea of two and one half months’ duration For several months previously he 
had suffered from excessive exposure to cold and was unable to obtain adequate 
amounts of food His diet had consisted of bread, vegetables and noodles He 
was unable to obtain meat Otherwise his personal history was unessential 



h'g 1 — Group A represents the hemoglobin content of the blood of patients 
with dysenterv of more than two months’ duration , group B, the hemoglobin, con- 
tent of patients with d 3 r sentery ot less than two months’ duration Each dot 
represents the hemoglobin content of one patient 


len weeks before coming under observation he began to have severe general- 
ized abdominal pam and diarrhea associated with tenesmus The stools were of 
thin consistencj and contained moderate amounts of mucus streaked with blood 
The bleeding was never excessive and was present for onh r the first two weeks 
of his illness He had lost weight and strength, and for several weeks had noticed 
increasing pallor and breathlessness on exertion 
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Examination — On examination, the patient was found to be afebrile and men- 
tally clear, but emaciated and pale There w r as neither edema nor jaundice The 
skin was normal The eyes were normal m appearance, and the pupils actne 
The ocular fundi showed marked pallor with numerous retinal hemorrhages about 
the disks and m the region of the macula There were irregular patches of 
exudate in the low r er temporal field of the left eye and the upper nasal field of 
the right eye The mucous membranes were pale, and the nose and throat -were 
normal in appearance The tongue presented an interesting picture, as the normal 
gray coating w T as absent The median surface of the anterior two thirds was 
quite smooth, and the papillae had completely disappeared At the margins a 
few small filiform papillae could be seen The tongue had never been sore 01 
painful, and no symptoms suggesting stomatitis or glossitis had been manifested 
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Fig 2 (case 1) — Chart of a patient with chronic dysentery and anemia, show- 
ing marked improvement following liver extract therapy The reticulocytes, 
hemoglobin and erythrocytes increased in spite of the presence of severe diarrhea 
Following the maximum improvement after treatment with liver extract, the patient 
recovered gradually on iron, and whole liver and iron therapy 


The organs of the neck were normal The heart and lungs were clear The 
abdomen was moderately distended, and on palpation tenderness was present over 
the ascending and descending colon The liver, spleen and kidneys w j ere not 
palpable The extremities were normal There w r ere no demonstrable changes 
in the central nervous system The reflexes, muscular powder and sensations were 
normal The low'er colon was examined with the sigmoidoscope, and found to 
be pale and covered m numerous places with a diphtheritic exudate When this 
membrane was removed, numerous, shallow, irregular ulcers w'ere seen The 
scrapings from the ulcers did not reveal Amoeba histolytica, but bacteriologic 
cultures showed both manmte-fermenting and the Shiga type of dysentery bacilli 
Examination of the blood showed red blood cells, 600,000 per cubic milli 
meter , hemoglobin, 16 per cent , leukocytes, 4,350 per cubic millimeter, with 48 
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per cent polymorphonuclears, 45 per cent lymphocytes and 7 per cent monocytes 
The bleeding and clotting times were normal The icterus index was normal 
The platelets were reduced to 140,000 per cubic millimeter The hematocrit 
reading revealed only 7 per cent cells, and the volume index was 1 15 The 
stained smear showed a marked variation in the size and shape of the erythro- 
cj tes The reticulocytes were 1 8 per cent, and 3 nucleated red blood cells were 
seen in counting 300 nucleated cells When the diameter of 500 erythrocytes 
was determined by the direct micrometer method, it was found that the average 
diameter was 6 04 microns The Price-Jones curve showed a shift to the left 
The Wassermann and Kahn reactions of the blood were negative The total 



Fig 3 (case 1) — Price-Jones curves of the blood Curve B represents the 
size of the red blood cells before treatment and curve C after recoven from the 
anemia Curve A is an average normal curve 

serum protein was 4 5 per cent The indirect van den Bergh reaction was 13 
units The nonprotein nitrogen was 19 mg per hundred cubic centimeters of 
blood 

The stools w'ere liquid and varied from ten to thirteen a dav They contained 
mucus, red blood cells and leukocytes On bacteriologic examination, B dvsen- 
tenac of the manmte-fermenting and Shiga variety were found The urine was 
normal A teleoroentgenogram of the heart showed it to be of normal size, and 
the electrocardiogram showed a normal mechanism The gastric analysis showed 
24 per cent free hydrochloric acid, with a total aciditv of 42 per cent after injec- 
tion of histamine The course of the red blood cells, hemoglobin and reticulo- 
cytes can be followed in figure 2 The Price-Jones curves made at different 
intervals during the period of observation are shown in figure 3 A photonucro- 





Fig 4 (case 1) — Photomicrographs of the blood, A, before 
:r extract , X 600 , B, after treatment with liver extract, shov 
the reticulocytes, X 1,000 
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graph of the blood on admission may be found in figure 4 A, and figure 4B shows 
the shower of reticulocytes following treatment with liver extract 

Cow sc of Illness Following Treatment — The patient was kept at rest in bed 
He was placed on a diet of milk and liver extract given m amounts equivalent 
to 500 Gm of whole liver daily In spite of the persistence of the diarrhea, the 
hemoglobin and red blood cells increased rapidly, and the reticulocytes were 
increased to 38 4 per cent within ten dajs of the beginning of treatment During 
this time the papillae of the tongue returned, and the normal gray of the surface 
reappeared The change in the appearance of the tongue is illustrated in figure 5 
During this time the patient lost 10 pounds (4 5 Kg ) in weight After twenty 
days, the blood count became stationary and the reticuloc} tes were normal bv the 
twenty-sixth day Iron was then substituted for the liver extract It was given 
in the form of 4 8 Gm of ferrous carbonate pills daily After twenty-two dajs 
on this treatment there was slight improrement, and liver extract w'as again 
added to the diet Later whole liver w'as substituted for the liver extract The 
diarrhea gradually disappeared, the blood count and hemoglobin returned to 
normal, the weight of the patient mci eased 20 Kg , and he appeared normal 



Fig 5 (case 1) — Tongue of the patient with anemia associated with chronic 
dysenten Note the atrophy of the papillae of the median surface of the tongue 
in A The condition of the tongue following recovery from anemia is shown 
in B 

Comment — A >oung man who had been on an inadequate diet 
suff eied fiom chionic bacillaiy dysentery Physical examination 
levealed hemonhages m the eyegiounds, atiophy of the papillae of the 
tongue, seveie anemia, leukopenia and i eduction in the numbei of 
platelets The led blood cells wete smallei than noimal, and theie weie 
only a few l eticulocytes and an occasional nucleated ei vthi ocvte Thei e 
was no alteiation m gastric secietoiy function, and examination of the 
central neivous system revealed nothing abnoimal On tieatment with 
liver extiact, the anemia impioved, the leticuloc) tes increased, the 
tongue became normal m appearance, the aveiage diametei of the ted 
cells mci eased, the platelets increased, the white blood cells became 
noimal, and the retinal hemonhages disappeaied The patient continued 
to impiove gradually gained 10 Kg m weight and was dischaiged as 
well 
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Case 2 — A young man, aged 22, zvith clnonic bacdlai v dysentciy, hypci- 
chiomtc anemia, edema disease nonnal gastnc acidity, nonnal tongue and central 
neivous system, recovered spontaneously on a hospital diet 

History — A shoemaker was admitted to the hospital complaining of diarrhea 
He had always enjojed good health Four months before entrance he began to 
have diarrhea, and the stools contained some mucus streaked with blood The 
acute sjmptoms persisted about two weeks, and then the illness w r as characterized 
bj a persistent diarrhea without blood or mucus in the stools As a result of 
this malady, the patient lost weight and strength, and twenty days before admis- 
sion he began to notice swelling of the lower extremities and face His diet had 
consisted of vegetables, wheat cakes and steamed bread He had not eaten meat 
for approximately six months The only feature of interest in his previous his- 
tory was an attack of dysentery eighteen months previously 



Fig 6 (case 2) — Chart of a patient with hyperchromic anemia associated with 
chronic dysenterv and edema, showing the course of recovery on hospital diet 

Examination — On examination, it was found that he had a generalized ana- 
sarca The face, the wall of the chest, the back and legs were swollen and showed 
pitting on pressure There w r as no demonstrable fluid m the serous cavities 
The mucous membranes were pale, the ej r es normal and the pupils active The 
tongue was normal m appearance The organs of the neck, the heart and the 
lungs were normal The liver and spleen were not enlarged Examination of 
the reflexes and the different modalities of sensation revealed nothing abnormal 
Sigmoidoscopic examination of the colon showed a number of ulcers from which 
B dyscntci lac were cultured Gastric analysis following the administration of 
histamine showed a free acidity of 38 per cent and a total acidit> of 59 per cent 

Examination of the blood revealed erythrocytes, 2,750,000 per cubic milli- 
meter , hemoglobin, 72 per cent , color index, 1 25 , reticulocv tes, 4 per cent , white 
blood cells, 12,250 The Price-Jones curve showed a spreading of the base of the 
curve and a shift to the right of the normal curve (curve B, fig 6) The Was- 
sermann reaction of the blood was negative The urine was clear and did not 
show albumin 
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Com sc of Illness — Following the ordinary hospital diet, which consists of 
approximately 72 Gm of protein, 42 Gm of fat and 345 Gm of carbohydrate, 
the patient reco\ered slowly The edema disappeared, and the erythrocyte count 
and the hemoglobin content of the blood returned to normal in fifty -eight da\s 
The changes m the blood can be followed m figure 6 

Comment — A man w ho had been on an inadequate diet developed 
dysenteiy, hyperchronnc anemia and edema Following an adequate 
diet the edema disappeared and he lecovered fiom the anemia 

Case 3 — A man with chionic dysenteiy, intestinal polyposis, stnctuic of the 
colon and dianhea, developed mailed inidei niitntion peUagia and scvcie anemia 
No mipi ovement of the anemia lcsultcd follozvmg the admimsti ation of hvci 
cxtiact i cmai table i ecovci y icsultcd aftci whole hvci and non wcic given 

Hist oi v — The patient was admitted to the hospital on account of diarrhea, 
weakness, numbness of the legs and the presence of an eruption over the backs 
of his hands He was a cart driver and a vegetarian His food consisted chiefly 
of millet and salted vegetables The present illness began one year before admis- 
sion with an attack of acute diarrhea and high fever The stools contained mucus 
streaked wuth blood The diarrhea persisted, and six months later he became 
bedridden He lost weight and became progressively weaker The legs v'ere 
numb, and an eruption appeared over the dorsa of the hands 

Examination — On examination, the patient W'as found to be extremeh weak, 
emaciated, pale and somewhat confused mentally The skin was dry and sealv 
The tongue showed a superficial glossitis, wuth accentuation of the fissures Over 
the dorsal surfaces of both hands w'as an eruption characteristic of the lesions of 
pellagra The lesions were almost mirror images, distributed symmetrically, with 
patches of hyperpigmentation There yvere no lesions about the neck, feet or 
genitalia 1 he lungs yvere clear The heart w'as not enlarged, and the sounds 
w'ere normal The abdomen W'as moderately distended The spleen w r as pal- 
pable below' the costal margin, but the liver could not be felt There w'as some 
tenderness o\ei the sigmoid colon in the left lower quadrant, but no definite 
masses were felt There were signs of a mild peripheral neuritis over the legs 
The Wassermann reaction was negatne The gastric analysis following the 
histamine test showed a low gastric aciditv with a free acid of 6 per cent and 
a total acidity of 18 per cent There w'as a severe anemia, its course can be 
followed in figure 7 The sigmoidoscopic examination showed some narrowing 
of the lumen of the rectum and sigmoid wuth manv ulcers and polypi In other 
words, a picture characteristic of a long-standing, ulcerative colitis w'as present 

Com sc of Illness — The patient w'as given the usual hospital diet supplemented 
wuth fresh cow’s milk, yeast and tomato juice There w'as no improvement m 
the anemia follow mg this diet Practically no improvement followed the addition 
of liver extract or whole liver Hov'ever, when iron w'as added to the whole 
liver, the improyement of the anemia w'as striking The patient’s general condi- 
tion impro\ed, he gained weight, the diarrhea diminished, the signs of peripheral 
neuritis gradually disappeared, and the skin resumed a normal appearance 

Case 4 — A man with chionic dysenteiy developed anemia and i eminent attacks 
of glossitis, zvith papillaiy atiophy Model ate tin pi ovement follozvcd advunistia- 
tion of hvci cxtiact and von, zvith the dtsappeai ance of glossitis and the leap - 
pcaiancc of the papillae of the tongue The anemia impiovcd gi adually 
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Iiistoi v — A man, aged 38, was admitted to the hospital on account of recur- 
ring attacks of sore mouth and diarrhea One vear previously, he had begun to 
have an intermittent diarrhea, which persisted until admission Several weeks 
before he entered the hospital, the diarrhea became much more severe, and blood 
and mucus appeared m the stools Soon after the onset of the disease he began 
to have attacks ot stomatitis and glossitis These attacks were associated with 
a sensation of burning and pain on mastication For several months he had 
noticed progressive weakness, but had never been confined to bed 

Examination — On examination, he appeared somewhat weak and pale There 
was no jaundice The tongue was large, red and smooth The papillae had dis- 
appeared from the anterior two thirds of the tongue, leaving a smooth, shiny 
surface The mucous membranes were red, but there were no ulcers The heart 
and lungs were normal I he abdomen was slightly distended, and there was some 



dvsentery, polyposis of the colon and pellagra, who showed no response to livei 
extract or whole liver therapy, but an excellent response following the adminis- 
tration of iron 

tenderness over the sigmoid colon The patient had diarrhea, and the stools 
were characteristic of bacihary dysentery Sigmoidoscopic examination revealed 
numerous small ulcers from which B dyscntci me of the manmte-fermenting group 
were cultured The Wassermann reaction was negative Gastric analysis revealed 
a complete absence of free hydrochloric acid following the histamine test 

The course of the patient’s blood can be followed m figure 8 Figure 14 illus- 
trates the appearance of the tongue on admission and following treatment It 
may be noted that the tongue assumed its normal appearance with the return ot 
the papillae The acid did not return in the gastric juice 

Case 5 — A man until chiomc dyscntci y, anemia, atiophy of the papillae of 
the tongue, tcmpoiaiy gash ic anacidity and signs of dcgcnci ation on the postenoi 
columns of the spinal coid imptoved follounng admimsti ation of hvci cxtiact and 
non The tongue became nonnal , acid ictumcd in the gastnc juice, and thcie 
was model ate imp] ovement of the <ntbacutc combined scleiosis 
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Histoiy — A man, aged 46, was admitted on account of recurrent attacks of 
diarrhea of seven years’ duration The attacks usually occurred in the summer 
months and were associated with tenesmus, abdominal pain, nausea and vomiting 
For two years, the diarrhea had been more or less continuous, and the frequency 
of the stools had increased shortly before entrance For several months he had 
noticed progressive pallor, dizziness and tinnitus His personal history was 
inconsequential 

Examination — On examination, the patient was found to be undernourished 
and pale The skin was normal m appearance, and there was no jaundice The 
ejegrounds were normal The mucous membranes were pale The tongue was 
smooth and shiny, and there was a complete atrophy of the papillae in the central 
portion of the anterior two thuds The organs of the neck, the heart and the 
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Fig 8 (case 4) — Chart of a patient with anemia, glossitis and gastric ana- 
cidity, who showed gradual recovery from the anemia following the administration 
of liver extract and iron, and whole liver and iron 


lungs were normal lliere was slight tenderness over the descending colon The 
liver and spleen were not palpable The extremities appeared normal The knee 
and ankle jerks were absent, and there was definite ataxia when the knee-heel 
test w'as performed There w'as a loss of vibratory sense below the knees, and a 
loss of sense of position of the toes On sigmoidoscopic examination of the colon, 
numerous small ulcers were found, and B dvscntc) wc were grown from the scrap- 
ings Gastric analysis following the histamine test failed to reveal acid in the 
gastric contents The urine was normal 

Examination of the blood revealed 3,000,000 erythrocv tes, 50 per cent hemo- 
globin and 0 5 per cent reticulocytes No nucleated cells were seen The average 
diameter of the red cells was 7 3 microns The Price-Jones curve showed prac- 
tically a normal curve with a slight widening of the base and a shift to the right 
The \V assermanft test of the blood was negative The stools w'ere liquid m 
consistency and contained mucus and a few red blood cells 
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Com sc of Illness— On rest m bed, hospital diet and treatment of the dysentery 
by means of irrigations of the colon using Dakin’s solution, the patient s general 
condition and dysentery improved The course of the blood can be followed m 
figure 9 There was improvement of the anemia without the addition of liver 
evtract or iron to the therapy Later, liver extract, alone and in combination 
nith iron, was added, and the red count and hemoglobin returned to normal As 
the patient improved, the tongue became normal in appearance, and the papillae 
returned The stomach also regained the ability to secrete free acid following 
the injection of histamine The sensory disturbances over the legs became less 
marked, but the knee and ankle jerks continued to be absent On discharge from 
the hospital the patient appeared quite normal 

Case 6— A boy who had lived on a pool diet developed dysenteiy, anemia and 
edema Impi ovement m the anemia foUoivcd von thciapy 

Htstoiy— A pedler, aged 18, was admitted to the hospital on account of diar- 
rhea which had been present for two months Before the onset of the illness, he 



Fig 9 (case 5) — Chart of a patient with anemia associated with chronic 
dysentery, temporary gastric anacidity, a smooth tongue and signs of subacute 
combined sclerosis, who showed moderate improvement on a hospital diet and 
gradual recovery following the administration of liver extract and iron 

had always enjoyed excellent health His usual diet consisted of rice, millet and 
corn Occasionally he would take some mutton, but he did not eat any other 
kind of meat Several weeks before entrance, the diarrhea increased, and the 
stools, which were liquid, contained mucus and some blood He also began to 
notice pallor in his skm and swelling of his legs and face 

Examination — On examination, it was found that the patient w r as emaciated, 
pale and edematous There w^as edema of the face, back, chest and legs The 
eyes w’ere normal, and there were no retinal hemorrhages The mucous mem- 
branes w r ere pale, and the tongue was normal in appearance The heart and 
lungs were clear The abdomen was moderately distended The liver and spleen 
w 7 ere not enlarged The reflexes w T ere present and active, and there were no 
sensory or ^motor disturbances Sigmoidoscopic examination revealed numerous 
small ulcers in the low r er part of the colon B dysentcnac of the Slnga type 
were recovered from scrapings of the ulcers The urine w 7 as normal and did not 
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contain albumin The stools were liquid and contained some mucus and red and 
white blood cells 

Examination of the blood showed 3,250,000 erythrocytes, 5,850 leukocytes 
and 65 per cent hemoglobin The reticulocytes were 0 8 per cent The cells 
appeared normal in size and shape The average diameter of 500 red blood cells 
was 7 28 microns The Price-Jones curve (curve C, fig 12) showed essentiallv 
a normal curve, with a slight shift to the right The Wassermann reaction of 
the blood was negative Gastric analysis after injection of histamine showed a 
normal gastric acidity, with 42 per cent free acidity and 54 combined 

Com sc of Hines s — On rest in bed, hospital diet and iron therapy, the anemia 
showed little tendency to improve for a period of twenh-four days During this 
time there was little improvement in the dysentery, and the patient was very ill 
The reticulocvtes, however, increased, and later there was gradual improvement 
of the anemia The edema disappeared and the diarrhea imprened The patient 
gamed weight and appeared quite normal The changes in the blood are shown 
in figure 10 



Fig 10 (case 6) — Chart of a patient with anemia associated with chronic 
dvsenten who recoiered followung treatment with iron 

COMMENT 

These cases illustrate a numbei of intei esting clinical featuies We 
tefei particularly to the anemia the changes in the tongue, the gastnc 
acidity and the state of the nervous system, togethei with conditions 
such as the deficiency disorders and the lesponse ot the anemia to 
ti eatment 

The salient clinical features in all the cases aie summanzed m table 1 
and may be discussed in greater detail 

Changes m the Blood — The most striking changes obseived in the 
blood were those caused by anemia Table 2 contains a sumraar) of 
the mam observations The eiythrocyte counts vaiied fiom 600 000 to 
4,000,000 pei cubic millimeter, and the hemoglobin from 15 to 70 per 
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cent The color index; varied in the different cases between 0 6 and 
1 25 The same hemoglobi nometer and counting chamber were used in 
making these determinations, so that the color indexes m the different 
cases may be compared The red blood cells varied in size and ‘drape 

Table 1 — Stmuiiai v of Chmcal Data 
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Nucleated erythroc)tes w r ere seen occasionall} 

One patient (case 14) was observed for onl) thiee weeks, and liver 
extract w r as given for onl\ seven days The response of the reticulo- 
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cytes was of interest In a pievious papei, 3 two of us (C S K and 
C S Y ) leported that the increase of 1 eticulocytes m the blood of 
patients lecovenng from various forms of anemia was dependent on 
the severity and cause of the anemia as well as on the treatment 
employed In this group, these cells varied fiom 0 to 8 pei cent before 
treatment, increasing after treatment to between 2 and 38 6 pei cent 
Figuie 11 illustrates m a general way that the lowei the numbei of 
red blood corpuscles before treatment was begun, the gieatei was the 


Table 2 — Summcuy of Dctci mutations of the Blood 
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lesponse of the reticulocytes at the peak of the use The cuive that 
is inserted for compaiison was taken from figure 2 of the papei b} 
Minot, Murphy and Stetson, 0 and shows the lesponse of the leticulo- 

5 Yang, C S, and Keefer, C S The Response of the Reticuloci tes in 
Secondary Anemia Following Various Forms of Treatment, Arch Int Tiled 45 
457 (March) 1930 

6 Minot, G R , Murphy, W P , and Stetson, R P The Response of the 
Reticulocytes to Lner Therapy, Particularly in Pernicious Anemia, Am J M Sc 
175 581, 1928 
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cytes at diffeient levels of the eiythiocytes in patients with pernicious 
anemia following the administration of 300 Gm of liver or kidne\ 
This cuive was chosen because wdien liver was given to om patients, it 
was given m amounts of 300 Gm or its equivalent m liver extract 
We should like to emphasize that this response on recoveiy occurred 
following diffei ent forms of treatment and was not characteristic of 
any particular kind of therapy 

Vanahon in Sice of Red Cells and P) ice-Jones Ciaves — When the 
diameter of the eiythrocytes w-as measured, and the lesults plotted 



Fig 11 — This chart illustrates the height of the reticulocyte response at dif- 
ferent levels of erythrocytes during reemery The curve which has been inserted 
was taken from figure 2 of the paper by Minot, Murphy and Stetson (The 
Response of the Reticulocytes to Liver Therapy, Particularly m Pernicious Anemia, 
Am J M Sc 175 581, 1928), and represents the average response of the 
reticulocytes in patients with pernicious anemia following the administration of 
300 Gm of lner a day The reticulocyte response m our patients occurred 
regardless of the type of therapy employed 

according to the method of Price-Jones, it w r as found that three general 
groups existed cells with an aveiage diameter less than the normal, 
cells of normal diameter and those with a diameter larger than normal 
In some cases there was a shift of the erythrocyte curve to the left of 
the noimal ctuve (D-E, fig 12) , m others the curve followed that of 
normal blood (C-F), and in others the curve shifted to the right (B) 
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In some, theie was also a widening of the base of the curve In figure 
12 it may be seen that when the cells weie smallei than noimal before 
tieatment, they approached the normal size during recovery The same 
was tiue of the teaction of the large cells It is noteworthy that these 
vanations were wide, and no one type of leaction was observed A few 
of the curves in which these diffeiences may be observed have been 
plotted m figure 12 

Gastnc Analysis — The lesults of the examination of the gastric 
juice following the injection of 0 5 mg of ergamine aie summarized in 



Fig 12— Price-Jones cur\es of a few of the cases studied Curve A is the 
normal curve, curve B is from case 2 C is from case 6, D is from case 13, E is 
from case 3 and F is from case 14 


table 3 Three patients had gasti ic anacidity In two it was pei manent, 
and m the other it was temporal y In the lemamdei, the gastric secie- 
tion was normal These obseivations weie of interest, since the relation- 
ship between alterations m gastnc function and the development of 
anemia is of considerable importance in the study of all maladies asso- 
ciated with anemia, and it is necessary to have information of this kind 
in order to correlate the various features obseived 

Atiophy of the Papillae of the Tongue — One of the outstanding 
clinical features that we observed m seven of these patients was atrophy 


KEEFER El 4L—1REUM U JIH CHROMC DYSEM ERY 433 


of the papillae of the anterioi two thirds of the tongue The natural 
luston of the development of this condition is not known since it was 
an asymptomatic process in all but one patient This patient had had 
recurient attacks of glossitis and stomatitis and at the time of admis- 
sion to the hospital he complained of pain during mastication The 
tongue w r as large and smooth m the median pai t The edges w r ei e quite 
red wnth prominence of a few r of the papillae Theie was no ulceiation 

Table 3 — Summaiy of the Gcistnc Analvscs Follozvmg the Histamine Test 


Case 

Number ol 
Obscri ations 

bree Aciditi , 
Cubic Centimeter 
per Cent, 
Tenth formal 
Hidroehloric 
Acid 

'lotnl 4cidit\, 
Cubic Centimeter 
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Hidroehloric 
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1 

24 

4"> 
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1 
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1 

0 
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0 

6 
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2 
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4 

13 
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5 
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6 

1 

42 
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2 

52 

03 

7 

1 

12 

20 

S 

1 

20 

32 


o 

3S 

42 

9 

1 

30 

40 

10 

1 

67 

73 

11 

1 

14 

27 
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44 

71 

12 

1 

12 

10 

11 

1 

0 

C 
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0 

6 

13 

1 

4S 

63 

16 

1 

2S 

39 


but there w r as complete absence of the papillae in the central part of 
the tongue In the othei patients the degree of papillan atrophy varied 
from a complete absence of all of the papillae to an atroph} of those in 
the central part of the tongue Within from eight to ten da>s after the 
patients w r ere put on adequate diets the papillae began to reappear at 
hist, at the edges of the tongue and later m the center As the papillae 
became more prominent the normal gra\ish coating also reappeared 
The atroph} of the papillae w r as not permanent in am of the patients 
observed Photographs of the tongues of patients 9 and 4 aie shown 
in figures 13 and 14 
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Fig 13 (case 8) — Tongue of the patient A shows the complete atrophy of the papillae 
before treatment, and B, the normal appearance of the tongue following the patient’s recovery 



F!g 14 (case 5) T ongue of the patient A shows the atrophy of the papillae before 

treatment, and B , the condition of the tongue following treatment 
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Changes m the Ccntial N croons System — In four of the patients 
studied, abnormal changes in the neivous s)stem were demonstrated 
In two, theie was a penpheial neuntis, and m the otheis the signs of 
subacute combined sclerosis were piesent In one of the lattei patients, 
who was obseived for a penod of eighty days, the signs became less 
maiked, but the signs of degeneration in the postenoi column were 
still present on dischaige fiom the hospital The two patients wuth 
peripheial neuritis lecoveied completel) 

Miscellaneous Associated Conditions — By associated conditions we 
lefei to the edema that w r as piesent in six patients, keiatomalacia in 
one, pellagia m one, hemoirhages m the ocular fundi m tw r o and to 
changes m the skill, such as hypeikeiatosis folhculaiis 

The diagnosis of “edema disease” w f as made on a basis of the 
piesence of edema without othei signs of caidiac msufficieiic} 01 lenal 
disease and the piesence of a low amount of seium piotem m the blood 
We obseived a number of patients wuth this condition, in many 
instances not associated with anemia, m oui expenence, howevei, it 
has always been associated wuth a lowq total seium albumin This con- 
dition is a deficiency disoider due to a faulty diet, and it occurs fie- 
quently m patients with a disease piocess that intei feies wuth noimal 
nutntion 

Keratomalacia is seen not infiequenti) in patients wuth acute and 
chionic dysenteiy This question has been discussed recently by Weech 7 8 
and Pillat s It is due to a lack of vitamin A and usually heals after 
administration of cod livei oil 

Pellagia has been obseived and pieviouslv lepoited as a complication 
of djsentery It usually appeals after the dysenteiy has been piesent 
foi a long time, and it lesponds to propel diet 

Hemonhages into the letma in the absence of other hemonhagic 
phenomena wei e obseived twuce They occuned m patients wdio had 
severe anemia and disappeaied followung lecoveiy This obseivation 
is of intei est, since it is usually stated that hemorrhages into the retina 
aie fairly common m so-called pernicious anemia and uncommon m 
patients wuth othei foims of anemia unassociated wuth hemonhagic 
phenomena It appears to us that hemoi 1 hages depend somewdiat on the 
seventy of the anemia lathei than on its cause, since we have also 
obseived main retinal hemonhages m patients wuth seveie posthemor- 
lhagic anemia due to bleeding hemonhoids This question lequnes 
ftuthei obseivation 

7 Weech A A The Association of Keratomalacia with Other Deficiency 
Diseases, Am J Dis Child 39 1153 (June) 1930 

8 Pillat, A Does Keratomalacia Exist in Adults' 1 Arch Ophth 2 256 
(Sept) 1929 
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The lesions m the skin weie of particular interest We obseived 
hypei kei atosis folhculans in thiee patients These lesions aie being 
studied m detail by Fiaziei and Hu, 9 who will descnbe them m detail 
elsewheie In most instances these lesions disappeai following lecovei) 
fiom the malnuti ltion 

Response of Anemia to Tieatment — The tieatment employed in 
these patients vaiied consicleiably, depending on the patient's geneial 

Tabll 4 — Summon' of the Patient’ s Response to Tieatment 
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condition A summaiy is given m table 4 Two weie tieated b) tians- 
fusion of blood, one was allowed to lecover spontaneously on a hospital 
diet and two weie given an adequate diet supplemented with cod liver 
oil To the other patients livei extiact and liver and lion ueie given 
in vanous combinations 

In some of the cases described it was extiemely difficult to diaw 
conclusions regaidmg the meats of the particulai fonn of theiapy 
used This was tiue because many of the patients showed a tendency 


9 Frazier, C X , and Hu, C H Personal communication to the authors 


KLFJ'LR i:r 1L— i\L\II 1 II 1 / H CIIROMC D) bC \ / LR) -B7 


to lccovcr following an adequate diet In some the ieco\ei) was slow 
and m others moie rapid This was not surpnsing, because it was onh 
natural to suppose that if the anemia was the result of a fault) diet 
improvement would follow' an adequate diet Howeier, when one 
attempts to determine the exact nature of the substances responsible 
foi the lecoven of these patients, the problem is extremel) difficult 
since all of the essential substances necessar) for hemoglobin sjnthesis 
aie not know'll, and their distribution in the various food substances is 
incompletely understood We felt that if w'e were able to show that 
regeneiation of the hemoglobin could be acceleiated by the addition to 
the diet of substances such as livei extiact livei or iron, which aie 
knowm to be essential foi the foimation of hemoglobin, and if this was 
accompanied by an increase m the leticuloc) tes, we w'ould be able to 
diaw conclusions regarding the value of these substances In anal) zing 
the results with these points in mind, it is clear that no one paiticular 
kind of therapy w r as effective m producing acceleration of the regenera- 
tion of hemoglobin in all cases In some liver extiact w r as beneficial 
m otheis non, and at time impiovement followed the piesence of both 
substances 

THE CAUSE or THE ANEMIA 

In consideung the cause of the anemia in these patients oui attention 
w r as dnected to tluee factors the distuibance m nutrition, hemorrhage 
fiom the intestine and infection 

The Distiu bailee m Niitiition — It was natural that oui attention 
should be dnected to the distuibance of nutntion in stud) mg the cause 
of anemia m these patients, as they all showed a piocess that mtei fered 
with nutntion, and most of them had been on an inadequate diet befoie 
coming under obseivation The anemia m some was associated with 
deficiency disoiders such as keratomalacia, edema or pellagra This idea 
gained fuithei support when the anemia improved following an adequate 
diet, 01 after substances knowm to acceleiate hemoglobin regeneiation 
w'eie added to the diet This occurred in spite of the peisistence of the 
infection and slight loss of blood m the stools 

In consideung the factors that w'ere lesponsible for the nutntional 
distuibance, the fust of impoitance w'as the diairhea But since we 
found that only a ceitam numbei of patients with chionic diarrhea had 
anemia (fig 1 ), it w r as difficult to explain all of the cases on this basis, 
and we felt therefore, that other factois W'ere necessai) for its develop- 
ment In a pievious papei 10 tw'o of us (C S K and C S Y ) reported 
cases in which an inadequate diet was responsible for severe anemia 
and as a lesult of these observations the dietary habits of the patients 

10 Keefer C S and Yang, C S Anemia of Undernutrition Report of 
Cases with Results of Treatment Xat M J China 15 701, 1929 
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whose cases aie presented m tins papei weie studied When investi- 
gating the diets of patients with d) senteiy, it is of importance to deter- 
mine the quality of the diet consumed befoie and aftei the onset of the 
dial rhea, because many patients who have been on adequate diets before 
the onset of d} sentery consume totally inadequate diets aftei its develop- 
ment In fact, the lestricted dietai \ treatment of many patients with 
chionic dysentery often leads to the development of deficiency diseases 
This question was discussed by Ciohn, 11 who leported keratomalacia 
and anemia in patients who had been treated for chronic ulceiative 
colitis by a lestricted diet One need only recall the frequency with 
v Inch deficienc\ disordeis occui in patients with all foims of chionic 
diarrhea to be lemmded of the impoitance of adequate nutntion m the 
treatment of these patients It is not ahvays clear, however, wdiether 
the inadequate diets begin befoie 01 aftei the onset of the illness, but 
fiom a study of our cases it appeals that either may be the case 

Before w r e consider the diets of the patients wdiom we observed, it 
is w r ell to lecall the composition of the ordinal y diets of the Chinese 
people The lecent studies of Wu and Wu 1 * are of great importance 
m this connection In an extensive suivey of the foodstufts contained 
m the ordmaiy diet of several gioups of the so-called middle class 
Chinese m Peiping, they pointed out that wdule the diet of the average 
Chinese was adequate m fuel value it w'as suboptnnal m piotems and 
vitamins A and D, piobably adequate in vitamins B and C and lou r in 
calcium and phosphorus The fat intake was low r , and the caibohydrate 
consumption 1 datively high They also piesented evidence of the pie- 
valence of deficiency diseases, and emphasized that theie w r eie piobably 
many cases of nnld deficienc} that weie not lecognized These facts 
also explain the fiequent occurience of deficiency disease in patients 
wdio have maladies that intei feie wnth noimal nutntion 

The diets of the patients wdiom w r c studied aie summanzed bnefl) 
in table 1 It was impossible to obtain mfoimation regaidmg the quan- 
tity of the vanous foodstuffs consumed, but it is leadily seen that the 
quaht} of the food was below the aveiage In thiee of the patients 
(cases 4, 5 and 14), the diet was a geneial one and seemed adequate 
m fuel value It w^as of intei est to note that these patients had gastric 
anacidity In one it w r as only tempoiaiy, wdule m the others it was 
peimanent It is likely, theiefoie, that this w r as a contributoi} r factoi 
in the development of the anemia If the inadequate diets w r ere lespon- 
sible m part foi the development of anemia, the collection of the diet 
should have been followed by an acceleiation of the i egenei ation of the 

11 Crohn, B B Ocular Lesions Complicating Ulcerative Colitis, Am J M 
Sc 169 260, 1925 

12 Wu, Hsien, and Wu, D Y Study of Dietaries in Peking, Chinese J 
Phvsiol , Report Series no 1, 1928, p 135 
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hemoglobin, and this we found to be the case in some instances In 
otheis, impiovement followed the admimstiation of substances that 
acceleiate the formation of hemoglobin, and this occuued m spite of 
the persistent diairhea 

Hemonliagc — When anemia and ulceiation of the intestine coexist, 
one natuially suspects that the loss of blood from the intestine is a con- 
tnbutory factor toAvaid the anemia In the patients under discussion, 
there Avas no history of a loss of a laige amount of blood, and avc never 
observed extensive hemorrhages However, blood "was found in the 
stools on nncioscopic examination, so that a ceitam amount of blood 
Avas lost in this way The anemia that Avas piesent Avas out of propoi- 
tion to the amount of blood lost, and impiovement followed adequate 
treatment, m spite of the fact that blood continued to be piesent in the 
stools It avouM seem, theiefoie, that the loss of blood fiom the intes- 
tinal tiact "was a contributoiy factoi in the pioduction of anemia but 
that it was not the essential one 

Infection — The importance of the dysentery in the pioduction of 
anemia lemams to be consideied Its lelative impoitance is difficult 
to evaluate, except that the localization of the infection was such that 
it caused lesions that intei fered with nutation As anemia was not 
piesent m all patients with chronic dysenteiy and since many patients 
impioved m spite of the peisistence of the infection, and we Avere unable 
to find any evidence of mci eased destiuction of the blood, w r e felt that 
theie Avas no evidence that the infection itself played an impoitant part 
in the pioduction of the anemia, in the sense of bacterial intoxication 

The anemia that Avas present m these patients was apparently due 
to disturbances m nutrition that were bi ought about by two pi mciple 
factoi s (1) a piocess that intei feied with nutiition (dianhea and 
intestinal ulceiation) and (2) a faulty diet Other conti lbutory factors, 
such as hemonhage fiom the intestine, infection or gastric anacidity, 
Avere of minor importance These conclusions weie supported by the 
fact that all of the patients had chronic dianhea, which led to under- 
nutntion, that most of them Avere on inadequate diets prior to admission 
to the hospital, that seveial had associated deficiency diseases, such as 
keiatomalacia, pellagra and edema, and that the anemia tended to dis- 
appeai when the patient was placed on a liberal diet supplemented b) 
vanous substances known to accelerate the formation of hemoglobin 
The increase in hemoglobin occuried in spite of the persistence of the 
infection and the loss of blood in the stools 

While the natuie of the deficiency that Avas responsible foi the 
anemia in these patients is unknown, Ave can state as a result of our 
obsei vations that the deficiency A\as not the same in eveiy case There 
aie good leasons Avhy this should be so In the first place. Ave Avish to 
point out that Avhen a diet is deficient m one substance, it is usually 
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deficient m others The results of deficiency of single foods may be 
obseived in animals aftei the diets have been carefully planned, but such 
conditions piactically nevei exist in man When studying patients with 
deficiency disordeis it is not uncommon to find multiple deficiencies m 
the diet and their lesults m the same person This was true of the 
patients studied Moieovei, the lesponse of the patients to tieatment 
indicated that no one fonn of theiapy was eftective m all In some 
cases, livei extract was beneficial, whereas m others it was of no 
demonstiable value In a few, non was of distinct value, and in others 
its value was questionable If we assume that both iron and othei sub- 
stances, such as the potent matenal m livei extract and livei, are neces- 
san for the synthesis of hemoglobin and that a deficiency in either may 
lesult m anemia it is not surprising that some cases of anemia respond 
to one and not to the othei Fiom these facts, one might justifiably 
conclude that the anemia we obseived was not always due to the same 
cause 

It also ma) be added that the nututional distui bailees in these 
patients weie associated with tactois that conti lbuted to the anemia, 
namel), loss of blood and infection, and that these conditions may 
account m pait foi the megulai 1 espouses u^e obseived 

In our piesent state of knowledge it is impossible to pi edict which 
f ot m of theiapi would be most effective in the treatment of these 
patients Since the cause of the anemia seems to be difteient m the 
vanous cases and since we have no method available foi lecognizing 
these vanous deficiencies other than the response to tieatment, addi- 
tional inf 01 mation legal ding these complex conditions must be collected 
befoie more definite conclusions can be leached 

RELATIONSHIP BTTW EEN CLINICAL FEATURES 0BSER\ ED IN THESE 
PATIENTS AND THOSE SEEN IN PERNICIOUS ANEMIA 

The sti iking similaiitv between the clinical featuies obseived m some 
of these patients and those seen m so-called pernicious anemia lequiies 
special comment We lefei to the changes in the tongue, the blood and 
the neivous s\stem and the lesponse that some of the patients showed 
following tieatment with livei extiact 

Changes in the Tongue — Atiophy of the papillae of the anterior 
two thirds of the tongue occuis in pernicious anemia, spine d)sphagia 
associated with anemia 13 in some patients with pellagia, infestation with 
hookwoim and anemia 14 and following paitial gastiectom) 15 Aside 

13 Cameron, J A M Dysphagia and Anaemia, Quart J Med 22 43, 1928 

14 Bahr, PH A Report on Researches on Sprue in Ceylon, 1912-1914, 
London, Cambridge University Press, 1915, p 40 

15 Taylor, G G , Hudson, R V , Dodds, E C , Warner, J L, and Whitbv, 
L E H The Remote Results of Gastrectomj, Brit J Surg 15 641, 1929 
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fiom the cases described in this papei Ate have obseived atropln of the 
papillae of the tongue in patients a\ ith nutntional edema a\ ith and with- 
out anemia This atiophy ma\ occui with or without a preceding 
glossitis, and m most instances in wduch Ave have obseived this condi- 
tion it has been asymptomatic It is a striking fact that dm mg a 1 emis- 
sion in pernicious anemia the papillae mai letuin. and the tongue then 
assumes a noimal appeal ance Out cases behaved in a similai mannei 
In two of our patients theie was gastric anacidit) , in one it w r as pei- 
manent, and in the othei it Avas tempoiary In otheis the gastnc acidity 
was noimal It ma) be seen, theiefore, that this condition of the tongue 
ma\ occur with 01 without anemia and with 01 without gasti ic anacidity 

The exact significance of these changes in the tongue is difficult to 
appieciate Howevei, since similai changes aie seen in conditions in 
which nutritional chstui bailees aie common, it is not impossible that they 
aie the lesult of dietan deficiencies Ciamei 10 has shown that theie 
ma) be extensive atiophy of the epithelial tissues of the intestinal canal 
when lats aie fed on diets that ate deficient m vitamin B, and these 
observations indicate that piofound alteiations may occui in the vauous 
epithelial tissues of the body following food deficiencies That the 
changes descubed are the lesult of a food deficiency is suggested b) 
the fact that they disappear following the collection of the diet 
Whethei this suggestion is tiue 01 not wall lequne fuithei obseivation 
and study At the piesent time, it seems cleai that if these changes 
aie due to a deficiency m the diet, it is not the same deficiency that 
pioduces the anemia This is suggested by oui own observations and the 
comse of events seen in pernicious anemia In pernicious anemia 
the change m the tongue may occur befoie 01 on the appeal ance of the 
anemia It may disappeai following impiovement in the anemia and 
then recui without the leappeaiance of the anemia Whatever the 
cause of this stuffing clinical pictuie may be, it is of importance to note 
that changes m the tongue indistinguishable fiom those seen m so-called 
pernicious anemia occur m othei conditions m wduch a fault) diet and 
anemia are piesent 

Change r vi the Cent/ a! N£}vous System — Foui of the patients had 
changes m the neivous system Two had penpheial neuiitis and tw r o 
signs of subacute combined scleiosis In one patient there Avas an 
impiovement in the signs of disease of the postei olatei al pait of the 
spinal column following lecovery fiom the anemia The question has 
been laised fiequently wdiethei or not subacute combined degeneration 
occui s m an\ condition other than pernicious anemia, and paiticularl) 
in the piesence of other foims of anemia There aie two points of 
a lew one aaIiicIi maintains that the disorder may occur in other forms of 

16 Cramer W On Vitamin Underfeeding, Brit J Exper Path 3 398 1922 
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anemia, and the othei which denies that this distuibance occurs in 
any condition othei than pernicious anemia In othei woids, the use 
of the teim subacute combined scleiosis should be limited to 
anemias, such as pernicious anemia and laie cases of hemoljtic 
anemia The latter view has been expicssed most recently by 
Weil and Davison , 17 who leached these conclusions from an 
extensive clmiconncioscopic study of the spinal coid in fatal cases in 
which the patients had had anemia in vanous foims Howevei, it must 
not be forgotten that these changes may be piesent before anemia 
appeals, and in some patients the anemia may not be obseived Once 
these changes become established they may advance, remain stationaiy 
01 nnpiove Fuithermoie, chaiactenstic cases have been descnbed in 
patients with anacidity associated with caicmoma of the stomach 18 
Whethei the symptoms and signs can be altered by placing the patient 
on a livei diet is a conti ovei sial point This question was reviewed 
and discussed in a lecent papei by Ungley and Suzman 19 They 
expiessed the belief that livei was distinctly beneficial in causing the 
impiovement of patients with subacute combined scleiosis They also 
suggested that it was possible that this disease was a deficienc) disoider 
occumng m pel sons with a constitutional diathesis, since achloihydria 
and the piesence of a heieditaiy factoi is such a piominent featuie m 
most cases This is of consideiable intei est, since in the patients whom 
we obseived theie weie achloihydua and a nutntional distuibance, and 
m one patient, there was definite impiovement following lecoveiy fiom 
the anemia It is obvious fiom one of the cases lepoited that signs of 
subacute combined scleiosis occui in patients with nutntional distur- 
bance and without peimanent achloihydua 

The two patients who had peiipheral neuntis were of consideiable 
intei est fiom the standpoint of etiologic diagnosis We consideied two 
possibilities a toxic polyneuntis due to dysentenc infection and benben 
It is w r ell recognized that the djsentei) bacillus of the Shiga vanety 
pioduces an exotoxin that has an affinity foi the neivous system and 
polyneuritis is occasionally obseived in some patients with dysenteiv 
However, it is difficult to decide m a given case whethei the polyneui ltis 
is due to the bactenal intoxication oi is the result of a deficiency of the 

17 Weil, Arthur, and Davison, C Changes m the Spinal Cord m Anemia 
A Climcomicroscopic Study, Arch Neurol & Psychol 22 966 (Nov) 1929 

IS Waterfield, R L Addison’s Anemia with Subacute Combined Degenera- 
tion of the Spinal Cord Secondary to Cancer of the Stomach, Guy’s Hosp Rep 
73 208, 1923 Garvey, J L , and Stern, L D Combined Sclerosis of the Spinal 
Cord and Caicmoma of the Stomach Report of Case, Am J M Sc 168 847, 
1924 

19 Ungley, C C , and Suzman, M M Subacute Combined Degeneration of 
the Cord Symptomatology and Effects of Liver Therapy, Brain 52 271, 1929 
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antineuritic vitamin Beriberi is frequentl) obseivecl following 
dysentery, and has been commented on by Willcox , 20 Mmra 21 and 
others It is important, theiefoie, to consider the possibility of benberi 
m any patient with polyneuritis in whom there is a nutritional distui- 
bance It is also well to keep in mind that m some patients with anemia 
and signs of disease of the posterolatei al part of the spinal column, 
there are coexisting signs of polyneuritis Hamilton and Nixon 22 
demonsti ated extensive changes m the penpheial neives of patients 
with pernicious anemia and signs of involvement of the neivous system 
They suggested that these changes probabh account foi some of the 
cases in which a considerable disci epancy existed between the ph>sical 
signs and the pathologic changes m the spinal coid Since changes m 
the peripheral nerves aie known to follow deficient diets, and since they 
are found m patients with pernicious anemia and m those with anemia 
associated with dysentery when the diet is fault)’-, it is of nnpoitance to 
study this question furthei in ordei to deteimme the lelationship 
between the changes m the neivous system and the pievious diet of such 
patients 

Both of the patients whom we obseived lecovered completely It 
should be remembeied, howevei , that the lecoveiy of these patients 
is quite slow even when adequate diets aie supplied The same is true 
of patients with the neuntic foim of benben 

Changes in Gastnc Secietion — Since Castle 23 demonstiated con- 
clusively that gastnc anacidity piedisposes patients to the development 
of pernicious anemia, we have been intei ested m detei mining the state 
of gastnc function in the patients whom we observed In summanzing 
the lesults of gastric anal) sis, we stated that two patients had gastnc 
anacidit) of the permanent type and one had temporal y anacidity, while 
the gastnc secietion of the others was nonnal It was notewoithy, how- 
ever, that m the patients with anacidity and anemia, the diets were of 
a geneial chaiactei and adequate whereas the diets of the othei patients 

20 Willcox, W H Beriberi with Special Reference to Prophylaxis and 
Treatment, Lancet 1 553, 1916 

21 Miura, K Beriberi oder Kakke, Ergebn d inn Med u Kinderh 4 280, 
1909 

22 Hamilton, A S , and Nixon, C E Sensory Changes in the Subacute 
Combined Degeneration of Pernicious Anemia, Arch Neurol & Psychol 6 1 
(July) 1921 

23 Castle, W B Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia I The Effect of the Administration to Patients 
with Pernicious Anemia of the Contents of the Normal Human Stomach Recov- 
ered After the Ingestion of Beef Muscle, Am J M Sc 178 748, 1929 Castle, 
William, and Townsend, W C II The Effect of the Administration to Patients 
with Pernicious Anemia of Beef Muscle After Incubation with Normal Human 
Gastric Juice, ibid , p 764 
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were defective in quality This suggests that a geneial diet may not 
piotect a patient fiom anemia if he has anacidity and develops a patho- 
logic process that inter feies with nutution On the other hand, when the 
gastric secietion is noimal and the diet is faulty and the patient develops 
a condition that intei feies with nutrition, anemia may appeal 

The relationship between the changes in gastric function and anemia 
is highly important This question has been discussed lecently by 
Castle , 2 ' 5 Bloomfield and one of us (C S K ) , Ji and Chang and two of 
us (C S Y and C S K ), 2r ’ and the following facts are evident Theie 
aie a numbei of clinical conditions associated with anemia and a sup- 
pression of gastnc acidity In some cases, the gastric anacidity piecedes 
and appeals to piedispose the patient to the development of anemia 
Such examples as pernicious anemia, the anemia following the gastritis 
of chiomc alcoholism, total gastiectomy, gastnc polyposis, some cases 
of carcinoma of the stomach and the anemias associated with the tem- 
poiaiy suppiession of gastric acidity of unknown cause aie cited in 
support of this idea In otliei instances, gastnc anacidity occuis during 
the course of an illness associated with anemia and may be onh a con- 
tributory factor m mci easing the anemia In other woids, in some 
cases gastnc anacidity is of primal y nnpoitance m predisposing patients 
to the development of anemia, wheieas in otheis it pi a) s only a secondaiy 
role In oui cases it was obvious that gastnc anacidity was not lespon- 
sible for the anemia obseived, since in all but three the gastnc secre- 
tion was noimal In the patients who had gastnc anacidit), it w r as 
probably a conti lbutory tactoi, since we pointed out that these were the 
only ones who had consumed a geneial diet 

What has been said regaiding the relationship between the changes 
rn the gastric acidit) and anemia also applies to the changes in the 
nervous system and tongue That is to say, in some cases gastric 
anacidity may be a piedisposmg factoi for the development of these 
changes, and m others it may be only contributor) 

This question requites furthei obseivation befoie the lelative 
importance of each factor can be evaluated 

SUMMARY AND CONCLUSIONS 

We have considered all of the clinical featuies that aie said to be 
chaiactenstic of pernicious anemia in a gioup of patients having chronic 
dysentery These included atrophy of the lingual papillae, changes m 
the nervous system, gastnc anacidity and an anemia that responded 

24 Bloomfield, A L , and Keefer, C S Gastnc Acidity Relation to Various 
Factors Such as Age and Physical Fitness, J Clin Investigation 5 285 1928 

25 Chang, H C , Yang, C S , and Keefer, C S Improvement m Gastric 
Function in Patients Following Recoverv from Secondary Anemia, Nat M J , 
China 15 752, 1929 
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to livet extiact thei apy It seems to us that it is of consideiable 
importance that these conditions occur m a disoidei m which nutntional 
disturbances aie laigely responsible It is also notewoithy that the) 
can occui without gastric anacidity Howevei, when a piocess that 
mtei feres with nonnal nutation occui s in a patient with anacidit) , a 
geneial diet may not piotect him from the development of anemia It 
is appaient fiom these observations that the features descnbed weie due 
to nutntional distui bailees, and they support the hypothesis that smulai 
features obseived m so-called pernicious anemia aie due to a deficiency 
disordei In the light of oui piesent knowledge it may be stated that 
the deficiency develops in patients with gastnc anacidity because they 
are unable to obtain a sufficient amount of the essential substance 01 
substances fiom a diet that contains only a small amount of the necessai) 
material On the othei hand, when the diet is faulty and theie is a. 
process that intei feies with nonnal nutntion, all of these featuies may 
appeal when the gastric secietion is nonnal 

It may be lecalled that this is not the fiist tune that the chaiac- 
teristic featuies of pernicious anemia have been descnbed as occui 1 mg 
in association with diseases of the intestinal tract, such as sprue, intes- 
tinal stnetures, infestation with Dibotlu loccphcilus latus and ulcerative 
colitis As a mattei of fact, the anemia associated with these conditions 
has been attributed to the intestinal lesions, and these cases have been 
used as an aigument for the intestinal ongm of pernicious anemia At 
this time, we shall make no attempt to 1 eview the hteratui e dealing with 
this question, but it is well to keep m mind that it has been clearly shown 
that patients with anemia associated with the conditions cited may 
lespond to treatment with liver extract in the same manner as patients 
who have pernicious anemia In the past, the general implication fiom 
the hteiatuie ivas to the effect that the anemia seen m these conditions 
is due to bacteiial intoxication In the future, these cases should be 
studied fiom the standpoint of nutntional disturbances m ordei to 
determine the lelative impoitance of faulty diets and othei nutritional 
factois m conti lbutmg to the development of anemia 

We have leported the results of a study of sixteen patients with 
anemia associated with chionic dysenteiy The anemia varied in its 
morphologic chaiacteristics and in its 1 espouse to treatment On the 
basis of our obseivations, we conclude that the cause of the anemia is 
not ahvays the same, but the most impoitant factors are the nutritional 
disturbances that result from faulty diet and a process that mtei feres 
with normal nutntion In some patients, contributoiy factors, such as 
gastnc anacidity, blood loss and infection, were of impoitance 

In the group as a whole, we observed all of the clinical featuies 
said to be charactenstic of pernicious anemia Some had similai mor- 
phologic changes in the blood, and the lesponse of some patients to 
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treatment with livei extiact was chaiactenstic Atrophy of the papillae 
of the tongue and changes m the nervous system were also observed 
We attribute these changes to the nutritional disturbances, and we 
believe that these obseivations support the hypothesis that the various 
clinical features seen in pernicious anemia, such as papillary atrophy, 
changes in the nervous s} stem, and the anemia, are due to a deficiency 
disordei 



ACUTE HEMATOPORPHYRIA 

REPORT OF TWO CASES 
V R MASON, MD 

AND 

R M FARNHAM, MD 

LOS ANGELES 

The essential symptom of the condition that Gunthei 1 designated 
"hematoporphyria” is the excretion of deeply pigmented mine the coloi 
of Bui gundy wme containing an abnoimal amount of hematopoiphynn 
Two patients with the acute, idiopathic type of the disease weie lecently 
observed, and the histones are lecorded in this aiticle 

REPORT Or CASLS 

Case 1 — A white woman, aged S3, was admitted to the Los Angeles County 
General Hospital on Nov 7, 1929 The illness had begun a week previously with 
nausea, vomiting and cramphke pam m the lower part of the abdomen During 
two days before admission the pam had been severe, and vomiting had been con- 
tinuous The pain was diffuse over the abdomen and radiated to the thighs She 
had had no similar attack previously, and had never used sedative drugs There 
had been no known exposure to lead So far as she knew, no member of her 
family had been similarly affected The past history was otherwise irrelevant 
Examination revealed a tall and slender woman The skin was fair, with no 
areas of abnormal pigmentation There w'as a small nodule, evidently an 
adenoma, in the right lobe of the thyroid gland The lungs and heart w'ere 
normal The blood pressure was 160 systolic and 90 diastolic The abdomen was 
soft and neither distended nor tender The tendon reflexes were normal No 
weakness of the muscles was present The intern in the surgical service noted 

* Submitted for publication, Aug 28, 1930 

“ From the Medical Service of the Los Angeles County General Hospital 

1 In his first monograph, Gunther (Die Hamatoporphyrie, Deutsches Arch 
f klin Med 105 89, 1911) discussed hematoporphyrinuna as a symptom of 
diseased states and as the essential symptom of a rare constitutional disturbance 
To the latter condition he gave the name "hematoporphyria'' Later research 
confirmed his belief that hematoporphyrin, as prepared by Hoppe-Seyler, played 
no part in the disease m human beings Since the name “hematoporphyrin" had 
been appropriated by Hoppe-Seyler, it was unfortunate that the disease m man 
was designated “hematoporphyria” instead of the more correct “porphyria ” 
However, on account of priority, Garrod (Inborn Errors of Metabolism, London, 
Oxford Medical Publications, 1923, pp 136-163) accepted Gunther’s terminology, 
and it seems wise to retain it It should be clearly understood that hematopor- 
phyrin refers to a distinct compound prepared by Hoppe-Seyler and that this 
pigment is not found m human disease The pigments excreted by patients with 
hematoporphyria are coproporphyrin and uroporphvrin 
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that the urine was very dark, but routine examination presented nothing unusual 
The leukocyte count was 17,500 with 95 per cent polymorphonuclear neutrophilic 
cells A flat roentgenogram of the abdomen showed moderate dilatation of the 
entire colon, but nothing suggesting an obstruction was observed The cerebro- 
spinal fluid was normal The Wassermann and Kahn reactions with serum were 
negative The blood plasma showed nonprotein nitrogen, 58 mg and preformed 
creatinine, 1 3 mg per hundred cubic centimeters The temperature varied between 
100 and 102 F The pulse rate varied between 80 and 120 per minute The 
patient became delirious and noisy, and there were hallucinations of sight and 
hearing At times, there were Cheyne-Stokes respirations She was irrational 
for eight days, but thereafter recovery was rapid and complete When first 
observed, the urine was very dark and red, and on three occasions it contained 
large amounts of hematoporphyrin, which was extracted by Garrod’s method 
Urobilin was also present m the urine As the disease progressed, the urine 
gradually assumed a normal color, and hematoporphyrin could no longer be 
detected Hematoporphyrin could not be identified in the feces, although this 
examination was not made until late in the course of the disease 

Case 2— A white man, aged 36, was admitted to the hospital on Oct 3, 1929 
He had always been in good health There had been no exposure to known 
sources of lead poisoning, and he had not used hypnotic drugs No member of 
his family was known to have passed dark-colored urine The patient’s wife stated 
that during the two months preceding Ins illness, she had noticed dark staining of 
his underwear by urine Early in September, 1929, the patient had begun to 
complain of nervousness and pains in the arms and legs These sjmptoms 
increased in intensity, and lie consulted a physician The patient was given 
salicylates and nuld sedatives without relief On October 3, he began to have 
severe abdominal cramps with radiation of the pain to the thighs This was 
accompanied by constant vomiting He had slight fever The leukocyte count 
was 16,000 per cubic millimeter Although the abdominal symptoms were at} pical, 
they were so severe that an exploratory laparotomy was performed The colon 
was found to be greatly distended, and a normal appendix was removed Pain 
in the abdomen radiating to the arms, chest and thighs persisted, and morphine 
had to be administered repeatedly for relief Slight fever was constantly present 
On the thirteenth postoperative day, the abdominal cramps were again severe A 
barium enema was given, and roentgenograms showed marked dilatation of the 
transverse and descending colon (fig 1) The patient was delirious at times 
The face seemed slightly pigmented There was a small nodule in the thyroid 
gland, apparently an adenoma No abnormalities were noted on examination of 
the abdomen in spite of the severity of the symptoms A tentative diagnosis of 
hematoporphyria was made at this time, and a fresh specimen of urine was dark, 
almost black (The clinical pathologist then recalled that a previous specimen was 
the same color, but assumed that it was dependent on the use of some silver salt ) 
When examined by Garrod’s method, the urine gave the characteristic absorption 
spectrum of hematoporphyrin It also contained urobilin in large amounts and 
other pigments, probably melanin and urofuscin Even after the extraction of 
hematoporphyrin, the color of the urine was not appreciably altered The leuko- 
cyte count varied from 13,000 to 16,000 per cubic millimeter The spinal fluid was 
normal The Wassermann reaction was negative with serum and spinal fluid 
The amount of hematoporphyrin in the urine gradually diminished as the disease 
progressed The plasma contained 115 mg of sugar, 1 3 mg of preformed 
creatinine, 151 mg of cholesterol and 10 5 mg of calcium per hundred cubic 
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centimeters , the carbon dioxide-combining power was 58 per cent by \ olume On 
November 1, the patient was restless and irrational much of the time He com- 
plained of severe pains in the extremities All of the limbs were appreciably 
weak Slight dysphagia and dysarthria developed, and he drooled saliva He was 
soon delirious constantly, and apparently had auditory and visual hallucinations 
The tendon reflexes diminished, and eventually disappeared He gradually 
became comatose, and died with symptoms of bulbar paralysis, on Nor ember 10 
Autopsy — The body was that of a middle-aged white man, well developed, but 
only fairly well nourished The skin was normal, except for brownish pigmenta- 



Fig 1 (case 2) — Roentgenogram after a barium enema, showing dilatation of 
the colon under the left leaf of the diaphragm 


tion of the face There was a well healed abdominal incision The thyroid con- 
tained a small cystic adenoma The lungs were free m the pleural cavities They 
were somewhat congested, and on section, a frank purulent bronchitis was seen 
There was no evidence of pneumonic consolidation The heart w r as normal The 
abdominal viscera, including the pancreas and suprarenals, were essentially 
normal Sections of the liver were stained by hematoxylin and eosin and also 
by methods to demonstrate the presence of iron There was slight cloudy swelling 
Many polygonal Kupfter cells contained large masses of browm pigment, usually 
amorphous, but rarely m crystals (fig 3) With a stain for iron about equal 
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portions of these deposits were iron-fiee and iron-containing pigments There 
was no microscopic evidence of damage of the parenchyma of the liver other than 
cloudy swelling The brain, spinal cord and sections of the brachial plexus were 
removed and hardened in a 10 per cent solution of formaldehyde The gross 
morphology of these organs showed no alterations from the normal appearance 
save for cysthke spaces in the brain These were evidently manifestations of 
postmortem activity of gas-forming organisms Blocks of tissue from various 
portions of the brain and spinal cord and sections of the brachial plexus were 
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Fig 2 • — Spectrophotometric curves of transmission Curve I, acid-alcohol 
solution of hematoporphyrin from urine of patient m case 1 , curve II, acid-alcohol 
solution of hematoporphyrin from urine of patient m case 2 The maximal absorp- 
tion was at 555 millimicrons These curves were made by Dr Charles Sheard 
(Sheard and Goeckermann J Lab & Clin Med 15 162, 1929) 

studied with the aid of the following methods hematoxylin and eosin, van 
Gieson’s method for connective tissue, Foot’s method for reticuhn, scharlach r 
and nile blue for fat, Mallory’s phosphotungstic acid-liematoxylin and analine 
blue, Hortega’s silver carbonate and Cajal’s gold sublimate methods for neuroglia, 
and Cajal’s and Bielschowskv’s methods for unmyelinated nerve fibers In 
addition, the sections of the peripheral nerves were prepared by Marchi’s method 
There were no changes in the morphology of the nervous or supporting elements 
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of the various portions of the brain investigated In the spinal cord were found 
small areas of distortion and infiltration of wandering cells, confined apparenth 
to the white commissure The large motor cells of the anterior horn showed 
minor eudence of chromatol}tic change, but this was neither constant nor charac- 
teristic 

Of particular interest was the evidence of a diffuse degeneration of moderate 
degree in all sections of the peripheral ner\es as demonstrated by the mle blue, 
the scharlach R and the Marchi preparations The process invoked the fibers 



Fg' 3 — Section of liver fi om case 2, show mg stippled pigmentation ot cells 
wuth iron-free pigment and large masses of iron-containing pigment 


uniformly throughout the extent of the section Routine methods showed no 
accumulation of wandering cells or \anation m the connectne tissue elements of 
the nerve trunk It is evident that the process w r as a true parenchymatous 
degeneration 

These two patients piesented the chaiactenstic s\ mptoms of the 
acute or idiopathic t}pe of hematopoi ph) na 1 Theie was no history of 
pietious attacks oi of a familial incidence of the disease Furthermoie, 
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plumbism and the use of sulphon-methane, baibital 01 allied drugs could 
be excluded The fiist symptoms resembled those of an acute surgical 
abdominal condition, and one patient had a lapaiotomy performed with- 
out relief Each patient developed unusual nervous s} mptoms In one, 
an ascending paralysis of peripheial neive oiigm led to a fatal termi- 
nation In the othei, the s) mptoms of a toxic ps)chosis developed, 
and recovery eventually took place 

PORPHYRINS 

The porphyrins aie a gioup of closely 1 elated pigments of con- 
siderable importance m the study of biologic reactions to light and of 
pigment metabolism The name “hematopoi phyi m” was fiist employed 
by Hoppe-Seyler to designate a pigment produced by the action of 
sulphuric acid on hematin He described its chemical pioperties and 
also its complicated absoiption spectium Subsequentl) , a similar com- 
pound was prepared fiom hemin cijstals by Nencki Since then a 
series of porphyrins have been piepared from myoglobin , 2 chloiophjl 
and othei sources For some tune these artificial poiphyims, as well 
as the natuial porphyiins encounteied in the mine of normal and of 
diseased human beings, were believed to be identical Fischer , 3 however, 
was able to piepare pure methyl esteis of some of the porphyiins 
He showed that the porphyrin molecule contains four pynole lings, as 
pointed out by pievious investigators, and that the lanous poiphynns 
differ m their content of caiboxyl gioups It w r as possible, therefoie, 
to gam some idea of the type of poiphyrm piesent in disease by this 
method Schumm 4 also undertook the problem of the identification ot 
the -various porpliMins by means of accurate measurements of the 
absorption spectrums of the different porphyiins with the grating 
spectroscope The lesult of these investigations v r as the demonstra- 
tion that the porphjrms encounteied in the excieta of normal and dis- 
eased human beings diffei from the artificial porph)ims piepaied by the 
methods of Hoppe-Seyler or Nencki H Fischei piepared pure 
methyl esters of the poiphjnn excreted by Gunther’s patient with con- 

2 Gunther, H Der Mushelfarbstoff, Virchows Arch f path Anat 230 146, 

1920 

3 Fischer, H Ueber das Urinporphvrm, Ztschr f phjsiol Cbem 95 34, 
1915, Ueber die Giftigkeit des Porph\ rins, ibid 97 109, 1916, Beobachtungen an 
frischem Harn und Kot von Porph\rmpatienten, ibid 97 148 1916, Ueber die 
Konstitution des Kotporphj rins ibid 98 14, 1916, Ueber die Konstitution des 
Urinporphyrms, ibid 98 78, 1916 

4 Schumm, O Ueber Hamatoporphyrin und Hamatoporpbvrinogen atis 
Harn und uber das nach Nenckis Verfahren hergestellte Hamatoporphvrin, Mun- 
chen med Wchnschr 40 1853 1913, Untersuchungen uber die Absorptions- 
erscheinungen des Hamatoporphyrins und Mesoporpbj rins ini Gitterspektrum, 
Ztschr f physiol Chem 90 1, 1914 
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genital hematoporph} ria and found that the porph) rin in the urine 
uroporphyrin, contained seven carboxyl groups and that the porph} 1 in 
m the feces, copioporphyrm contained three carboxyl gioups He 
was able, furthermore to convert coproporph} nn into uiopoiph} rin 
Schumm, 5 6 in a recent publication, stated his belief that the poiph\nn 
in the urine from normal human beings is copropoiph) nn, as is also 
the pigment in meconium and in the urine in instances of plumbism 
In poisoning caused by sulphon-methane and barbital and in acute 
hematopoiph) ria the porphyrin in the urine is uroporphyrin In con- 
genital hematoporphyna, coproporph} nn is present m the feces and 
uroporphyrin m the urine Up to the present time, the porph} nns 
excreted in the urme and feces of patients with hematoporph} ria hare 
not been compared with each othei in a sufficient number of cases foi 
one to state with certainty whethei identical porphynns aie ahvays 
present in similar types of hematoporphyna in man 

The investigations of McMunn, G Stokvis, 7 Garrod, 8 Neubauei 9 and 
Gunther 1 proved that tiaces of porphyrin aie present in urine, feces, 
meconium and bile from normal persons as w r ell as m the excieta m 
many diseases Under these conditions, the quantities excieted aie 
minute The absence of any simple quantitative method to deteimine 
the amount of porphyrin excreted has made it difficult to define the 
disease, and has led to confusion in diagnosis An examination of the 
\anous studies made in reference to hematoporphyrmuria in geneial 
show r s that porphyrin is a normal excietory product of human metabo- 
lism Furthermore, the quantity of this pigment excreted m ceitam 
diseases maj var} considerably But even wffien its excretion is much 
more than normal, as m lead poisoning, typhoid fever, curhosis of the 
livei or melena, s)mptoms ref ei able to the increase m pigment or 
comparable to those obsened m hematoporphyna are absent In his 
first report, Gunther attempted to define a state of porphyrism in 
wffiich the patients w r ere neurotic and under par, but he did not present 
the frank symptoms of hematoporphyna although abnormal quantities 
of porphynn w r ere excieted This opinion has not been substantiated, 
although such a disease state is possible Since up to the present time no 
examples of asymptomatic hematopoiphyna have been recorded, it is 

5 Schumm, O Spektrochemische Untersuchungen an Porpln rinen, Por- 
ph} ratinen und Muskelfarbstoffen, Strahlentherapie 28 142, 1S28, Ueber Himato- 
porplurine und Hamatoporphyrie, Klin Wchnschr 52 1574, 1926 

6 McMunn, cited b\ Garrod (footnote 1) 

7 Stokvis, B I Zur Pathogenese der Hamatoporpln nnurie, Ztschr f klm 
Med 28 1 , 1895 

8 Garrod, A E On the Occurrence and Detection of Haematoporph\ rin in 
the Urme, J Plnsiol 13 598, 1892 

9 Neubauer cited b\ Garrod (footnote 1) 
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unwise to make a diagnosis of idiopathic hematopoiphyria unless a layei 
of urine 1 cm in thickness gives the definite absoiption spectium of 
poiphynn as Gunthei suggested 

Poiphyrms pioduce a complicated and chaiacteristic absorption 
spectium that makes identification foi clinical pui poses simple and pi ac- 
tually free fiom enoi Many absoiption spectrums have been pub- 
lished, and accuiate measuiements of the alkaline and acid spectrums 
have been made by Schumm and otheis and may be found in their 
articles For clinical pui poses, the method of Garrod 1 is veiy simple 
The unnaiy phosphates are precipitated by alkali (10 per cent sodium 
hydi oxide) They cany down with them about 80 per cent of the 
poiphyrm present m the solution The solution is filtered, and the 
precipitate is taken up by pounng hydrochloric acid-alcohol tluough 
the filter paper The chaiactenstic absoiption spectium of the acid 
poiphynn is easily identified 

CLINICAL FEATURES Or HLMATOPORPII YRIA 

Gunther, 1 in 1911, published an extensive review of all the reported 
examples of hematoporphynnuua, and in 1922 10 and 1925, 11 again 
brought the subject up to date From the study of the scattered obser- 
vations and from his own clinical matenal, he was able to demonstiate 
that the disease that he named “hematopoi ph) ria” depended on a 
constitutional anomaly of metabolism, and was often familial and laiely 
heieditaiy m appearance Gauod, 1 who had been one of the eaily 
investigate s of the subject, accepted Gunthei ’s views and placed the 
disease along with ceitam othei “inborn enois of metabolism” in his 
monogiaph The malady appeals clinically m tluee types, to which 
Gunthei gave the names hematoporjih) l la congenita, hematopoi phyna 
acuta and hematopoi pip 11 a toxica The clinical syndiome presented 
by patients of each gioup will be discussed bnefiy, togethei with 
abstiacts of histones of the acute t}pe lepoited since Gunthei ’s latest 
leview 

Hematopoi phyna Congenita — In 1925, Gunthei lefened to eighteen 
examples of this type of the disease Since that publication, case lecords 
have been published by Rothman, 1 - Giay, 13 Sato and Takahaslu, 14 

10 Gunther, H Die Bedeutuug der Hamatoporphyrine in Physiologie und 
Pathologie, Ergebn d allg Path u path Anat 20 607, 1922 

11 Gunther, H Hamatoporphyrie m die Krankheiten des Blutes und der 
blutbildenden Organe, Berlin, Julius Springer, 1925, vol 2, p 622 

12 Rothman, P E Heinatoporphyrinuria Report of Two Cases, A.m J 
Dis Child 32 219 (Aug ) 1926 

13 Gray, A M H Hematoporphyria Congenita with Hydroa Aestivale, 
Proc Roj Soc Med 17 43, 1924 

14 Sato, A , and Takahaslu, H A New Form of Congenital Hematopor- 
phiria Ohgochromemia Porphyrinuria (Megalosplenica Congenita), Am J Dis 
Child 32 325 (Sept) 1926 
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Tojama 15 and Kitagawa 1G Up to the piesent time, twenty -foui pioved 
examples of the disease aie available for stud) 

The disease is frequently familial, but only in the cases lepoited by 
Radaeli 17 weie a father and son affected The piopoition of males 
to females is about 4 1 The disease may be piesent at bnth 33 although 
the fust s)mptoms usually have not been noticed until months oi even 
yeais latei Of couise, the chief symptom is the passage of Bm- 
gundy wme-coloied urine containing abnoimal amounts of poiphvrin 
togethei with other unidentified pigments The symptom that often 
hist calls attention to the disease is the development of a bullous eiup- 
tion on the exposed sui faces of the skin by exposuie to summer sun- 
light The efflorescence may be seveie and lead to mutilation and 
seal ling and to the development of changes lesembhng scleiodeima 
Destiuction of the ends of the fingers and the tips of the nose and eais 
may also occur In some instances, the teeth have been stained pink oi 
brownish, 1S and the bones may be deeply discolored by the pigment 
A few patients have piesented hvpeitrichosis 10 of the exposed parts 
Enlargement of the spleen has been fiequent, and occasionall) there has 
been some enlaigement of the livei A model ate degree of secondaiy 
anemia has been noted often, and in a few instances this has been 
seveie Increased fragility of the eiythrocytes has not been descnbed 
The leukocytes aie usually normal, but m a few cases theie has been 
a slight eosmophiha 

Iiydioa aestivale 20 has been known for many yeais and, m all, 
about one hundred cases have been recorded Hematoporphyrmuiia has 
been obseived m appi oximately one fouith of these, and it is probable 
that the pigment, or peihaps its leukobase, might have been found moie 
frequently if careful seaich had been made However, it is well known 
that hydroa aestivale may occur without hematoporpliy i mui la, and that 
m congenital hematopoiphyna sensitivity to light may occasionally be 
absent 

15 Toj'ama, J The Further Course of the Congenital Porphyrinunc Anaemia 
Previously Reported, Jap J Dermat & Urol 23 440, 1923 

16 Kitagawa, quoted by Hausmann, W , and Haxthausen, H Die Lichter- 
krankungen der Haut, Berlin, Urban & Schwar/enberg, 1929, pp 49-91 

17 Radaeli, F Contributo alia conoscenza dell’h}droa vacciniforme di Bazin, 
Gior ital di dermat e sifil 46 93, 1911 

18 Mackey, L , and Garrod, A E On Congenital Porphyrinuria Associated 
with Hydroa Aestivale and Pink Teeth, Quart J Med 15 319, 1922, A Further 
Contribution to the Study of Congenital Porphvrinuria (Haematoporph\ ria Con- 
genita), ibid 9 357, 1926 

19 Gray, A M H Haematoporphyria Congenita with Hydroa Vacciniforme 
and Hirsuties, Quart J Med 19 381, 1 926 

20 Hausmann, W , and Haxthausen H Die Lichterkrankungen der Haut, 
Berlin, Urban &. Schwarzenberg, 1929, pp 49-61 
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A review of the experiments on the photosensitizing pioperties of 
natuial and aitificial poiphyrins does not lead to definite conclusions 
Meyer-Betz, 21 himself, leceived 0 2 Gm of hematopoiphynn (Nencki) 
intravenously, and was sensitive to light waves that had penetrated 
glass (probably longei than gamma 313 millimicrons) and also to 
October sun rays and to Fmsen light He leacted with marked edema 
and superficial necrosis, lesions occurung compaiable to those m ani- 
mals sensitized to light, but not to hydroa in man 

Fraenkel, 22 m an experimental study on animals, could not pioduce 
photosensitivity with the porphyrin fiom a patient with congenital hema- 
topoiphyna in whom hydroa had ne\er developed Other obseiveis 
either have failed or have succeeded in pioducing photosensitivity 
experimentally only after repeated expenments with careful conti ol 
Hausmann 23 stated that porphynn may occur in two foims, one of 
which produces sensitivity to light and the othei one of which does not 
Fischer believed that the amount of copropoiphynn or its mother sun- 
stance might be the detei mining factor, that is, when uropoiphyrin is 
formed readily, the coproporphyrm is present only in small amount, and 
no sensitivity to light occuis It seems probable that individual sus- 
ceptibility, as well as the type of poiphynn piesent, may play some pait 
m the problem In general, the expenmental evidence points to porpht- 
rin as the cause of the photosensitivity, but just how this is brought 
about and just what foim of the pigment is necessary is still unknown 
The expenments to determine what legion of the spectrum is most active 
in producing the hydroa are also not conclusive In patients with 
hydroa aestnale, an eruption on the piotected portions of the skin often 
cannot be produced or appeals only after repeated exposuies The 
ultraviolet rays have been most active m the successful tnals In ani- 
mals, t lsible raj s neai 500 millimicrons have been the most active 
Furthermoie, the intensity of the photosensitivity as determined experi- 
mentally by aitificial light beais little l elation to the seventy of the 
eruption of the skin presented by the patient 

Hematopoi phyna Acuta — Gunthei, m his article published in 1925, 
collected thirty-one cases that left no doubt concerning the diagnosis 
In the past four oi five years, the following reports have appeared 

21 Mej'er-Betz, F Untersuchungen uber die biologische (photodynamische) 
Wirkung des Hamatoporphyrins und anderer Derivate des Blut and Gallenfarb- 
stoffes, Deutsches Arch f klin Med 112 476, 1913 

22 Fraenkel, E Experimentelles uber Hamatoporphyrie, Virchows Arch f 
path Anat 248 125, 1924 

23 Hausmann, W Zur sensibihsie' enden W irkung der naturlichen Porphy- 
rine, Biochem Ztschr 77 268, 1916 
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Langenskiold 24 reported the case of a man, aged 51, who had complained of 
eructations of gas for a month He had been well pre\iousl\ Although a 
painter, the patient presented no symptoms referable to lead On Februan 17, 
he had anorexia and severe abdominal cramps On Februan 18, 39 and 20, the 
cramps continued, and there was slight jaundice The urine was daih red On 
February 21, he vomited foul-smelhng material There was marked tunpanites 
There w-as slight icterus, but no other pigmentation The pulse rate was 100 
There w r as no fe\er The abdomen w*as soft, but some tenderness was piescnt m 
the lnpogastrium There w'as no wsible peristalsis The dulness of the Iner 
w r as normal The urine was deep red, and contained urobilin and hematoporpin rin 
The leuhoc\te count w r as 12,880 per cubic millimeter The patient gradually 
reco\ered 

In the case reported b\ ran der zoo de Jong,-"* se\ere abdominal pain, with 
\omiting and constipation developed in a woman, aged 26, without significant 
family or past luston The urine was dark brown, and contained hematopor- 
pin rin and melanin The patient recovered 

Alelkersson 2G reported the case of a woman, aged 28, with no family history 
of the disease and no evidence of lead poisoning or of the use of inpnotics, wdto 
became ill m 1922 with violent epigastric pain and chills She \omited constant!} 
The abdomen w r as tender The urine was reddish browm She improved rapidh 
and was apparently w r ell in tw'o weeks In 1923, she had a similar attack with 
pains m the arms in addition to the pievious symptoms In Januan, 1924, she 
had another attack In December, 1924, she became ill with fever, chills, severe 
epigastnc pain and constant nausea There w'ere \isible coils of small intestine 
(presumably) There w'tre 13,000 leukocytes per cubic millimeter The urine 
contained urobilin and hematoporpbyrm The fragility of the er\throc}tes w r as 
normal Evidences of peripheral neuritis with severe bulbar swnptoms and incon- 
tinence developed, but by April 21, 1925, she had reco\ered completely 

Kuntzen and Becker 27 leported the case of a man, aged 59, with an irrelevant 
family and personal history, who had se\ere attacks of colic and had lost 20 
pounds (9 Kg) in three months The liver was rather large, the sclerae w'ere 
slightly browm The patient said that his skin tanned easih The leukocr te count 
w r as 5,200 The urine contained urobilin A diagnosis of pericholecystitis w r as 
made, and the abdomen w r as explored Slight cirrhosis of the liver w r as found 
The colic continued, and the urine w r as deep Bergundy red and contained hemato- 
porphyrin The colic continued intermittently for the next three months The 
patient lost weight A roentgenogram showed wide dilatation of the duodenum 
A second operation w r as performed, and a carcinoma of the pancreas was found 
At autopsy there was cirrhosis of the liver wuth hemochromatosis and a carcinoma 
of the pancreas 

24 Langenskiold, F Om hematoporfyri med lleushknande symtom, Fmska 
lak -sallsk handl 70 241, 1928 

25 van der zoo de Jong, H H Een Waarschuw ingb} Het Zoeken Naar 
Melamne en Haematoporphyrine m de Urine, Nederl tijdschr \ geneesk 69 598, 
1925 

26 Melkersson E Un cas de poiphyne aigue spontanee avec s\ mptomes 
nerveux et un breve revue de la question des porphyries, Acta med Scandinav 
63 153, 1926 

27 Kuntzen, H, and Becker, R Ueber akufe Hamatoporphyrie und s\mp- 
tomatische Hamatoporpln rmurie, Deutsche Ztschr f Chir 20 6 332 1927 
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Weisz 2S reported a case in a woman, aged 27, who stated that six siblings 
died in infancy with abdominal cramps She had had several attacks of severe 
abdominal pain with vomiting During the attack reported the epigastrium was 
tender, the liver was soft and extended below the umbilicus, and the spleen was 
not felt The leukocyte count was 12,000 The fragility test of erythrocytes gave 
normal results The urine was reddish brown and contained urobilin and much 
hematoporphyrin Cystin crystals were found During another attack porphyrin 
was found in urine and stools The duodenum was markedly dilated, and the 
face appeared pigmented Considerable anemia developed During a subsequent 
attack the colon was greatly distended An ascending neuritis developed that 
caused death At autopsy, no remarkable features were present The liver was 
normal 

Beilin 29 reported the case of a man, aged 24, who entered the clinic on 
account of weakness of the right leg and arm and pain in the cervical region and 
the right side of the chest There were constipation, vomiting, pain in the lower 
part of the abdomen and headache The urine was deep red and contained 
nematoporphyrin The spinal fluid was xanthochromic, and contained 152 cells 
The symptoms progressed, and after three weeks uremia-like attacks occurred with 
increased excretion of hematoporpln rin The patient died of asphyxia after char- 
acteristic symptoms of a Landry’s paialvsis had appeared 

Moen 30 described the case of a man, aged 29, who was observed for gallstones 
on Sept 1, 1925 The past history and family lnstorv were irrelevant The 
patient complained of sleeplessness, headaches and paresthesias over the bod\ 
He had taken some bromides, but no other sedatives The urine had been of 
portwme color for six months For three davs before admission, he had been 
verv ill with sore throat He v'as constipated He grew w'orse, and de\ eloped 
severe abdominal pain, especially in the flanks He \omited bile-stained fluid 
The abdomen was ty mpamtic The urine contained hematoporphy rin but not 
urobilin , it was deep red The patient had severe pain m the legs and arms, but 
eventually recovered On Feb 8, 1928, the same symptoms appeared The urine 
contained hematoporpln l in and mobilin A similar attack occurred three weeks 
later 

Rothman 12 reported a case in a colored boy, aged 13 years, wdio complained ot 
pains in the abdomen and in the legs His mother noticed that the urine was red 
About a week later the symptoms disappeared, returning on Aug 22, 1924 He 
had slight fever On physical examination no abnormalities were observed The 
leukocyte count was 16,500 The urine was brown and contained albumin and 
casts The Wassermann reaction was negative The brown color disappeared 
from the urine and the patient recovered A similar attack appeared on Jan 22 
1925 The patient died suddenly two days later At necropsy, all of the viscera 
were darkly colored, the spleen weighed 220 Gm , the capillaries of the liver 
were filled with erythrocytes, the bone-marrow was hyperplastic, and no altera- 
tions of the peripheral nerves were found The urine from the bladder contained 
hematoporphvrin 


28 Weisz, H Zur Kenntnis del Porphyrmki ankheiten, Deutsches Arch f 
him Med 149 255, 1925 

29 Beilin, I A Das Landrysche Syndrom mit Hamatopoiphv rinurie, Russk 
khn 10 161, 1928 

30 Moen, E Et tilfelle av haematoporfyri, Norsk mag f lngevidensk 89 
778, 1928 
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Up to the piesent time, about foit)-one examples of the acute, 
idiopathic t>pe of the disease are available for study It is piobable 
that occasionally the condition has gone uniecognized and that the 
lecoids of some patients with the disease have not been lepoited It 
is tiue, however, that the malady is laie 

The disease is occasionally congenital , 31 although no heieditan 
occurrence has been recoided Symptoms most fiequently appeal in 
the third and fourth decade, but exceptions have been noted The 
condition occuis m females slightly more fiequently than in males 

The clinical syndrome piesented by the patients has been similai 
in all instances The hist definite symptom is usually seteie, ciamphke 
abdominal pain between the umbilicus and the pubis at tunes ladiating 
to the flanks or the thighs or even to the chest Not infrequently, this 
s)inptom is preceded by weeks or even months of ill health with com- 
plaints of weakness, neivousness, sleeplessness and vague pain m the 
abdomen or extienuties With the onset of severe abdominal cramps, 
nausea and vomiting appear and become constant Constipation is 
practically always present There is often slight fever and model ate 
leukocytosis Unnaiy symptoms, usually strangury, often occui The 
abdomen is usually soft, but may be slightly tendei ovei the hypo- 
gastnum Visible penstalsis has raiely been obseived Roentgeno- 
giams have often levealed dilatation of the duodenum, the ileum or 
some portion of the large bowel These obseivations have occasionally 
been confinned at operation In one instance, all of the intestines weie 
gieatly contracted Geneial physical examination usually gives noimal 
lesults At the onset of the symptoms the urine is deep red and con- 
tains uiobilin, porphyrin and occasionally othei pigments As the 
sjmptoms of the attack amehoiate, the color of the urine piomptly 
leturns to noimal, although porphyrin may be present for some time 
A histoiy of recovery fiom several similar attacks is not unusual 

In the attacks that end fatally, symptoms fiom the nervous system 
appear early These consist of toxic-delirious states, occasionally with 
convulsions, or of weakness of the extremities, often piecedmg the 
development of an acute ascending paialysis ending with an acute bulbar 
palsy and asphyxia 

The mechanism of the production of these symptoms is still m doubt 
As Snapper suggested, it seems probable that the abdominal phenomena 
aie caused by alteration of function of the nervous system Whether 
this damage is produced by poiphyrm or by some other substance 
fonned duung the course of the anomaly of pigment metabolism is also 
obscure 

31 Barker, L F, and Estes, W L, Jr Family Hematoporphj rinuria and 
Its Association with Chronic Gastroduodenal Dilatation, Peculiar Fits and Acute 
Poh neuritis J A M A 59 718 (Aug 31) 1912 
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Pathologic alterations of the oigans othei than the neivous system 
aie inconspicuous The visceia may be congested The spleen and 
liver may be slightly enlaiged The liver often contains pigments 
During the attack the mine may be almost black, and its coloi is 
little alteied even aftei the removal of the poiphyrm Melanin, skatole, 
tyrosine, leucine, urofuscm and other unidentified pigments haie been 
found m the urine Their significance will be discussed later 

Hematopoi phyna Toxica — In this gioup, Gunther placed the 
leported examples of genuine hematopoi phyria following the admims- 
tiation of sulphon-methane, barbital and allied drugs There is no proof 
that drugs cause the disease, except in patients with latent hemato- 
poi phyna The symptomatology is identical with that presented by 
patients with acute hematoporphyi la Sensitivity of the skin to light 
has been lecoided once following the excessive use of phenobarbital 

COMMENT 

Hematoporphyi ia may be consideied an independent disease of pig- 
ment metabolism due to some constitutional defect It may be piesent 
at birth or may appeal fiist at any age The vaiying symptomatology 
of the congenital and acute types of the disease is probably more appai- 
ent than real, although not enough evidence is at hand to make positive 
assertions at present Why neuiologic distuibances aie piesent m some 
instances and photosensitmty in others and only the excretion of poi- 
ph) rm m still othei s cannot ) et be explained It seems safe to assume 
that the tv o porphynns, uioporph}im and copiopoiph) nn, aie the 
same in all instances of hematopoi ph\ 11a, and that the van mg sunp- 
tomatology is dependent on the degiee of the constitutional factoi and 
the susceptibility of the patient to the disease 

The excieta of noimal persons contains poiphynn in minute quanti- 
ties, as pieuously mentioned, and it may be looked on as a noimal 
pioduct of metabolism The amount secieted m certain disease states 
may be inci eased considerably aboie noimal In such instances the 
chaiactenstic symptoms associated with hematopoi ph) 11a aie lacking 
An exception must be made m the cases of intoxication with sulphon- 
methane, barbital and allied diugs But, as Gunthei has stated, eien 
m these cases it may be possible that the patients have the constitutional 
defect in a latent foim that is activated by the diug 

The place of ongm and the mother substance of hematoporphyi in 
are unknown All of the porphynns aie so similai m composition that 
it might be possible foi the body to convert one into another If this 
is possible, porphynn could anse fiom chloiophil 01 fiom endogenous 
01 exogenous hemoglobin 01 myoglobin It might anse duimg the 
piocess of anabolism or catabolism of myoglobin 01 hemoglobin 01 from 



MASON-FARNHAM — ACU7 L IIEUATOPORPH 3 RI 1 


481 


some pei version of the foimation of bile oi derangement of function of 
the liver In attempts to elucidate the pathogenesis of the disease, man} 
theories have been propounded of which only a few deserve consider- 
ation The assumption that retention of the pigment b) the kidney 
might lead to porphyrin intoxication without mci eased foimation of the 
pigment would be tenable in the cases repoited by Haibitz, 32 and by 
Melkeisson 33 It is not piobable in othei leported cases The theoi y of 
the origin of the pigment fiom ingested ehloiophyl oi hemoglobin oi 
myoglobin may be easily disproved by feeding expenments with con- 
genital porphyimunc patients The absence of evidence of hemolysis 
or of the development of maiked anemia excludes destiuction of blood 
and libei ation of hemoglobin as necessaiy prelumnaiies foi the foi- 
mation of excessive amounts of hematopoi phyrin The two lemammg 
possibilities namely, that the disease is dependent on distuibed liver 
function and bile metabolism or on defective hemoglobin synthesis, are 
deserving of moie serious consideration 

Theories but not satisfactoiy proof of damage of the livei have been 
piesented, and a leview of all of the autopsy lecoids does not sub- 
stantiate this point of view Fuithermore, those patients with the 
congenital type of this disease and those who lecover from an acute 
attack show no evidence of hepatic disease or of biliaiy disease The 
livei of oui patient (fig 3) showed evidence of cloudy swelling, and the 
paienchymatous and Kupffer cells contained large amounts of lion- 
containmg and iron-fiee pigment We believe that these alteiations 
are the result and not the cause of the disease The constant piesence 
of uiobilm in the mine in attacks of acute hematoporphyna is difficult 
to explain, but we believe that it should be l elated to tempoi ary damage 
of the livei or possibly to disturbance m the bone-mariow 

Recent work by Fischer, Schumm, Borst, Konigsdorffei 33 and 
Fiaenkel has pioduced evidence that more neatly fits the known facts 
Fiaenkel, Hegler and Schumm 36 sectioned the body of a patient with 
congenital hematopoi phyria, and found poiphynn m the bones and lion- 
fiee and non-containing pigment in the spleen, Kupffei cells and erytluo- 

32 Harbitz, F Hematoporph} rinuria as an Independent Disease (Hemato- 
porphyna) and as a Symptom of Liver Disease and Intoxications, Arch Int Med 

33 632 (May) 1924 

33 Melkersson (footnote 26) Rouillard, J La porphyrinurie, Presse med 

34 1061, 1926 

34 Borst, M Untersuchungen uber kongenitale Porphyrie, Verhandl d 
deutsch path Gesellsch 23 353, 1928 

35 Konigsdorfler, H Zur Ivenntnis der Porph\rie, Strahlentherapie 28 132, 
1928 

36 Fraenkel, E , Hegler, C , and Schumm, O Zur Lehre von der Haemato- 
-porplrs ria congenita, Deutsche med Wchnschr 39 842 1913 
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blasts The lattei also contained poiphynn Boist, with Konigsdoi tier 
and Fischei, had the oppoitunity to section the body of Matthias Petn 37 
The bones were pigmented The manow was deep red The liver 
was laige The liver, lymph glands, kidneys and panel eas were pig- 
mented T en different pigments wei e identified in the lymph glands, spleen, 
bone-marrow, livei, pancreas, stomach, intestine, kidneys, supraienals, 
thyioid, hypophysis, testes, lungs, muscles, nervous system, choioid 
plexus and teeth Some weie ciystallme and some amorphous A few 
of them weie lipoid Some were n on-free and others contained iron 
The pigments weie present in connective tissue cells, and m the 
endothelial epithelial and reticular cells The bone-man ow contained 
many plasma cells and many macrophages that had devoured large 
numbeis of eiythroblasts Microspectioscopic studies showed large 
amounts of poiphynn in these cells, togethei with hemosiderin and 
hematm The)- believe that the eiythroblasts in early embn onic life 
build up hemoglobin thiough the formation ot poipnynn In later 
embryonic life this is no longer true The bone-manow and spleen of 
Petry contained laige numbers of ei ytln oblasts filled with porphyrin, 
and the large phagocytic cells of the bone-marrow weie loaded with 
fluoiescent poiphyiin-contammg erj throblasts In this instance a 
pathologic persistence of embiyologic hemoglobin metabolism was 
piesent 

This theory peihaps moie neaily meets all the lequuements than 
any so fai pioposed Assuming its "validity, the pnman defect is in the 
synthesis of hemoglobin The remaining alterations aie of secondary 
natuie depending on the toxicity of the pigments liberated by the phago- 
cytic actn lty of the macrophages 

The urine of patients with hematopoiphyna contains large quantities 
ot pigment othei than porphyrin, as do many of the oigans Melanin, 
skatole and uiofuscin have been found, and urobilin is constantly pres- 
ent Besides these there are other unidentified pigments Their 
significance is not known, but a review of the repoited cases indicates 
that they ma) play a detei mining role m the symptomatology In the 
chronic congenital cases, these pigments aie present m small amounts m 
the urine, while poiphynn is piesent m laige quantities over long 
penods of time Except foi liydioa, however, the patients are relatively 
simptom-fiee In the leported cases of the acute types of the disease, 
the symptoms aie seveie when the unne is heavily pigmented with sub- 
stances in addition to porphynn, and as lecovery takes place the amount 
of porphynn diminishes but little, while the othei pigments piactically 

37 Gunther (footnote 1) Borst, M , and Komgsdorffer, H Untersuchungen 
uber Porphyrie, Leipzig, S Hirzel, 1929 
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disappear Satisfactory investigation of these accessor) pigments has 
not been reported to oui knowledge, although the) must be of con- 
sideiable importance 

No satisfactoiy method for treating the acute cases has been dcused 
It has been suggested that calcium might be of value, but rccoids ot its 
use aie not available Tieatment for h)dioa aestivale is moie satis- 
factory, and consists of aioidmg the dnect lays of the sun Gairod 
used a paste containing quinine that filteis out the moie destiuctive ra\s 
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CLINICAL AND EXPERIMENTAL DATA 

The cyanosis of congenital heait disease is usually associated with 
a consideiable degiee of unsatuiation of the aitenal blood In these 
cases, as noted by Lundsgaard and Van Sljke, 1 either (a) the blood 
that passes through the lungs is insufficiently satuiated with oxjgen, 
owing to some pulmonaiy defect, 01 (b) theie is a shunting of some 
venous blood fiom the light side of the heait into the systemic aorta 
without its having passed thiough the pulmonaiy alveoli 

Some jeais ago Haldane and Douglas 2 placed a patient with 
cyanotic congenital heait disease in an atmospheie high in oxjgen and 
noted that the cyanosis did not cleai , they mfened that the defectne 
aeration of the blood was not due to pulmonaiy insufficiency On the 
other hand, Campbell, Hunt and Poulton 3 tiled the same pioceduie 
with one of then patients having congenital heait disease, and found 
that the aitenal satui ation of oxjgen increased fiom 67 to 91 pei cent 
They mfened that m pait, at least, the cyanosis in this case was on 
a pulmonaij'- basis 

On the assumption that blood is shunted fiom the light side of the 
heart to the left, vanous calculations 1 have been attempted to determine 
the amount of this shunting In a senes of thiee caiefullj studied 
cases, Dautiebande, Marshall and Meakins 5 lecentR made several 

* Submitted for publication, June 26, 1930 

' From the Department of Medicine, College of Physicians and Surgeons and 
the Presbjterian Hospital, New York City 

1 Lundsgaard, C , and Van Slyke, D D Cyanosis, Medicine 2 1, 1923 

2 Haldane, J S , and Douglas, C G , quoted m Haldane, J S Respiration, 
New Haven, Conn , Yale University Press, 1922 

3 Campbell, J M H , Hunt, G H , and Poulton, E P Breathlessness and 
Cyanosis, J Path &. Bact 26 234, 1923 

4 Abbott, M E , in Osier and McCrae System of Medicine, Philadelphia, 
Lea & Febiger, 1927, vol 4, p 612 Abbott M E, and Dawson, W T Clinical 
Classification of Congenital Heart Disease, Internat Clin 4 156, 1924 Raab, W , 
Weiss, R , Lowbeer, B, and Rihl, J Untersuchungen uber ein Fall von kon- 
gemtalen Herzvitium, Wien Arch f inn Med 7 367 1924 

5 Dautrebande, L , Marshall, W R , and Meakins, J C Studies of the 
Circulation in Three Cases of Morbus Caeruleus, J Clin Investigation 8 123, 1929 
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calculations of this soit, but the lesults weie so diveigent as to lead 
them necessaul) to the conclusion that the amount of the shunt, if 
present, could not be detei mined with the data and methods available 
The piesent investigation is a fuither effoit to detei mine, by 
measuiements of the blood and respited gases, the mechanism of the 
cu dilation in a case of congenital heait disease These studies weie 
made at several diffeient times, both dui mg the patient’s stay of thiee 
weeks m the waid and diuing a thiee day penod m a Barach oxygen 
chamber, with the atmospheuc oxygen at fiom 44 to 46 pei cent 

REPORT Or CASE 

Histoty — A S, an American girl, aged 12, was admitted to the service of 
Dr Randolph West on March 7, 1930 According to hei mother, she had been 
a normal child up to the age of 3, when she had an attack of fever and pain 
m the joints lasting seieral months After this it w 7 as noticed that she soon 
became dyspneic on exertion, her skin turned bluish and her lips black Ever 
since that time, the cianosis and dyspnea had persisted, and she had recurrent 
attacks of joint pains, with swelling and redness, especially of the ankles Her 
fingers had been markedh clubbed for at least five years It had been observed 
that the cianosis became worse in cold weather, the effect of, exertion w r as not 
noted She had swelling of the ankles wdienever she was up on her feet 

Physical Examination — Examination showed a small, thin girl (154 cm in 
height and weighing 35 Kg) ljing quieth in bed, bieathing deeply and somewdiat 
rapidlv, but in no apparent respiratory distress There was extreme cyanosis of 
the skin and mucous membranes , her lips and tongue w'ere almost black The 
fingers and toes w'ere climbed The chest w\as deep and voluminous for her size, 
with good expansion of the lungs The lungs w'ere clear The heart w'as mod- 
erately enlarged, the borders extending 3 cm to the right and 10 cm to the left 
There were sjstolic shock at the apex and thrill over the third and fourth left 
interspaces The first sound at the apex w'as soft, preceded by a mid-diastolic 
murmur, and followed by a sjstolic blow At the base of the heart to and fro 
murmurs weie heard to the left of the sternum m the second and third spaces, 
the sjstolic muimur w r as tiansmitted toward the left clavicle The second pul- 
monic sound w'as sharply accentuated The liver and spleen w r ere not felt 
The blood count show'eo red blood cells, 10,900,000, white blood cells, 7,850, 
hemoglobin, 160 per cent (Salih), and polymorphonuclears, 83 per cent The 
results of the Wassermann test and the blood culture w r ere negative 

A roentgenogram of the heait showed some left ventricular enlargement with 
rounded contour, no enlargement of the left auricle, of the base of the heart or 
of the great vessels, except for some slight prominence of the right border of the 
ascending aorta , the right border of the heart measured 3 2 cm and the left 
border, 9 2 cm Fluoroscopy of the chest showed normal respiratory movements 
and apparently normal cardiac pulsations The posterior mediastinum was clear 
An electrocardiogram showed a maiked right preponderance, the only abnormal 
condition 

The vital capacity ranged from 2,100 to 2,500 cc The blood pressure was 90 
systolic and 60 diastolic The pulse rate varied between 90 and 100, and the 
temperature varied between 99 and 100 F, with occasional sharp rises to 101 or 
102 F 
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Couise — The course m the hospital was practically uneventful The patient 
was able to walk about the ward without dyspnea Cyanosis varied little After 
three weeks in the ward, she was transferred to the Barach oxygen chamber, 
with the atmospheric oxygen maintained at from 44 to 46 per cent, and kept there 
three days No important change was noted in the clinical condition or the 
physical signs during this period She was again transferred to the ward, and 
discharged at the end of aiother week 

Diagnosis — The patient was seen by Dr R L Levy, who believed the con- 
dition undoubtedly to be congenital heart disease, probably involving a pulmonic 
stenosis and septal defect and possibly including the complete “tetralogy of 
Fallot” — pulmonic stenosis, septal defect, right ventricular hypertrophy and dextro- 
position of the aorta 

Expci imental Studies — Experiment “A” The experimental studies made 
were as follows On the first two occasions, March 13 and 18, arterial blood was 
drawn from the brachial artery, transferred under oil to a tube containing dried 
neutral potassium oxalate and sodium fluoride, and analyzed for oxygen content 
and capacity, and on March 18 for carbon dioxide content also Analyses were 
made with the Van Slyke-Neill 0 apparatus On March 28, a complete experi- 
ment was done With the patient under basal conditions, expired air was collected 
in a Douglas bag After this, two sets of alveolar air and oxygenated mixed 
venous samples were obtained, the patient resting for about fifteen minutes between 
each set Details of this procedure were published previously 6 7 After a further 
rest of about fifteen minutes, arterial blood was drawn from the brachial artery 
Enough arterial blood was obtained to permit determinations to be made of the 
oxygen content and capacity, the carbon dioxide content and to plot one point 
on the carbon dioxide curve of oxygenated blood An ox}genated carbon dioxide 
curve was drawn bv using as a slope that of the oxjgenated carbon dioxide curve 
of the case of congenital heart disease described by L J Henderson 8 As the 
patient m the latter case had both an oxygen capacity and a carbon dioxide 
capacity closely similar to those of our patient, such a procedure seemed justi- 
fiable Displacements upward of points on the carbon dioxide diagram, due to 
oxygen unsaturation, were also estimated by the use of this same nomogram of 
Henderson’s 

Expfrimext “B ” — An experiment exactlj similar to the foregoing one was 
done on April 1, after the patient had remained for three days in the oxygen 
chamber On the daj before, March 31, a respiration experiment was done, as 
described, but no blood drawn , the patient was not under basal conditions at this 
time, having finished breakfast about fifteen minutes before From the work of 
Higgins 9 and later that of Dodds, 10 it was shown that at this interval after meals 
the alveolar carbon dioxide values are increased usually about 1 or 2 mm A 
small effect of this sort is evident in our data , but this has no significant bearing 
on our general results 

The data obtained are given in the table 

6 Van Slyke, D D , and Neill, J M The Determination of Gases in the 

Blood by Manometric Measurement, J Biol Chem 61 523, 1924 

7 Richards, D W , Ji , and Strauss, M L Circulatory Adjustment in 
Anemia, J Clin Investigation 5 161, 1928 

8 Henderson, L J Compt rend Acad d sc 18 2066, 1925 

9 Higgins, H L Influence of Food, Posture, and Other Factors on the 

Alveolar Carbon Dioxide Tension in Man, Am J Physiol 34 114, 1914 

10 Dodds, E C Variations in Alveolar Carbon Dioxide Pressure in Rela- 

tion to Meals, J Phvsiol 54 342, 1921 
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COMMENT 

Fiom the three initial expenments with aitenal blood, it is clear 
that this patient had consistently an extiaordmaiy degiee of aitenal 
ox) gen unsatuiation, as well as the usual marked polycythemia, the 
arterial satuiation being on the thiee occasions 64, 55 and 60 pei cent 

The pulmonary function, so fai as the clinical examination showed, 
was noi mal or bettei than normal There were no signs of congestion 
m the lungs 1 he patient’s vital capacity, of from 2,000 to 2,500 cc , 
was large foi a child of hei size The supplemental air measuied fiom 
700 to 1,000 cc , and the residual an approximated these figuies It 
w as not likely that the lungs weie gieatly concerned in the pioduction 
of artei lal cyanosis 

This lmpiession was proved be) ond doubt when the patient was 
placed m the oxygen chamber, and the artei lal ox)gen saturation rose 
only 5 per cent, scaicely moie than the change that would occui m a 
normal person Thus, even in loom air the pulmonaiy alveoli 
appai entl) ox)genated satisfactoi dy the blood that passed through 
them 

This patient w^as, therefoie, one of those whose aoita and aitenal 
S) stems contain a mixture of arteriahzed and venous blood 

Native of the Mixing Pioccss — The natuie of the mixing piocess 
in the chambeis of the heait can be moie fully demonstrated in this 
case, wnth a fair degiee of probabilit) , b) furthei examination of the 
data 

Considei the relation between the alveolar air and the aitenal 
blood If the samples of aKeolai an aie plotted on the carbon dioxide 
curve, it will be seen (the table and fig 3) that the cori espondmg 
caibon dioxide content averaged about 29 pei cent b) volume, whereas 
the actual artenal carbon dioxide content is more than 9 pei cent by 
volume higher This is a large disci epancy and, of couise, raises 
doubt at once as to the accuracy of the specimens of alveolai an i e , 
wdiethei or not the samples of air obtained w^eie actually in equilibrium 
with the blood m the pulmonaiy capillanes In patients wnth cardiac 
disease the alveolai carbon dioxide is frequently low with lespect to 
the aitenal carbon dioxide tension, and although Meakins Dautre- 
bande and Fetter 11 showed that if (as here) artenal blood is used 
for the construction of the carbon dioxide cuive this disci epancy disap- 
peals there are cases m which coi respondence between alveolai and 
aitenal tensions is not to be obtained even by the use of this technic 
Such cases are usually complicated by advanced congestive heait failuie 
and gieatly lowered vital capacitv 

11 Meakins, T C Dautrebande, L, and Fetter, W J The Blood Gases 
and Circulation Rate in Cases of Mitral Stenosis, Heart 10 153, 1923 
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In the piesent instance theie is eveiy leason to believe that the 
alveolai samples weie satisfactory The patient had an excellent vital 
capacity, sufficient supplemental ail and was cooperative and intelligent 
The results weie as consistent as one expects to get even with tiamed 
subjects One possible fuithei cuticism should be consideied The 



Fig 1 — Roentgenogram of the heart taken from a distance of 6 ft 

high ventilation of this subject and the high lespiratoiy quotient (0 96) 
suggests that dunng the collection of expued air there may have been 
consideiable ovei breathing (“Auspumpung ” ) , and that the alveolar 
carbon dioxide was loweied on this account This seems unlikely, 
because, though one set of alveolar samples was always taken imme- 
diately after the end of the peiiod of the collection of expued ail, the 
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second set was obtained after a fifteen minute lest period, dui mg which 
the patient was breathing normally and without the attachment of 
mouthpiece or nose clip The only inconsistently low sample of the 
series was taken at such a tune and not at the end of the collection of 
expued air 

With the pulmonaiy caibon dioxide, then, 9 pei cent by volume 
lower than the arterial carbon dioxide, we have not only fuithei proof 
of venous admixture in the arterial blood, but also an indication of a 
large arteriovenous difference in the pulmonary cn dilation, and hence 
a small pulmonaiy blood flow (pulmonary stenosis) 

The investigation can be carried further by means of the oxygenated 
“mixed venous” (or pulmonary aitery) caibon dioxide tension It 
is not an easy matter to obtain reliable measuiements of this value, 
chiefly because of the brief time that is available for the establishment 
of lung-blood equilibrium, before 1 ecirculation of the blood occurs It 
has been our practice to use a lebieathmg bag containing 2,500 cc of 
a nuxtuie of carbon dioxide and oxygen, with an amount of carbon 
dioxide sufficient so that when it is mixed with the lesidual air m the 
lungs the lesultant carbon dioxide will be about that of the (estimated) 
oxygenated venous carbon dioxide tension The lebreathmg from the 
bag is begun aftei a complete expiration has been made, and four com- 
plete respirations made m the next twenty (sometimes twenty-five) 
seconds Samples are taken into evacuated tubes at the end of the 
third and fouith (on one occasion also at the end of the second) expira- 
tion, and a sample taken later from the bag after rebreathing is finished 
This technic w r as followed m the present instance, furtheimore, the 
initial carbon dioxide m the bag was varied widely The results are 
plotted in figure 2, the initial bag caibon dioxide tension on the left, 
and the tensions after lebieathmg for ten, fifteen, twenty or twenty-five 
seconds on the corresponding oidinates It will be seen that, except 
m one experiment (the same as that in which a low' alveolar air w r as 
obtained), the tensions at the end of fifteen and twenty seconds aie 
grouped fairly u'ell around 39 mm carbon dioxide tension, and this in 
spite of a vanation of nearly 20 mm m the initial bag tensions It) 
seems fair to conclude that this represents an equilibrium value, and 
that 39 mm caibon dioxide tension (actual average 38 3 mm) is not 
fai from the oxygenated pulmonaiy aitery carbon dioxide level 

The interesting point about this is that when plotted on the oxy- 
genated carbon dioxide curve (fig 3), 38 3 mm of caibon dioxide 
tension show's a value of 38 6 per cent by volume of carbon dioxide oi 
close to the two values, (38 6 and 40 4 per cent by volume) for artenal 
caibon dioxide that were obtained by these two expenments In othei 
w'ords, the blood m the pulmonary aitery and the blood m the systemic 
aorta have essentially the same caibon dioxide content The conclu- 
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Fig 2 — Oxjgenated mixed venous tensions The circles equal the experi- 
ments made on March 28, in ordinary room air The crosses, plus marks and 
triangles equal the experiments made on March 31 and April 1, m the oxygen 
chamber The horizontal line, A, equals the carbon dioxide tension which the 
arterial blood on March 2S would ha\e had if this blood had been completely 
oxigenated, without change in carbon dioxide content The line B equals the 
carbon dioxide tension, similarly, for ox\genated arterial blood on April 1 
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Fig 3 — Chart showing the carbon dioxide dissociation cunes of oxygenated 
blood, plotted logarithmicall} , experiment “A” done on March 28, with the 
patient in the ward, breathing room air, experiment “B” done on April 1, with 
the patient in the oxj gen chamber, breathing an atmosphere of 45 per cent oxygen 
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sion to be diawn fiom this is obvious That with which we appaiently 
are dealing physiologically is an extensive septal defect, so that the 
blood coming in from the venae cavae and that from the pulmonai) 
veins aie mixed, and the blood going into the pulmonary arteiy during 
systole is the same as that going into the systemic aoita Whether the 
septal defect is auricular 01 r enti lculai is unimpoitant fiom the present 
point of view 

It should be emphasized at this point that we do not consider our 
data exact, and cannot, therefore, insist that the mixtuie of the blood 
fiom the light auricle with that from the left auncle is actually com- 
plete It is believed, however, that the general mechanism of the cir- 
culation m this case confoims to the descnption given, lathei than that 
there is simply a bodily transfer of a ceitain volume of venous blood 
ovei to the left side of the heait, with no lecipiocal mixture of the 
blood fiom the left with that fiom the right side of the heart 

Theie is one cnticism against the oxygenated mixed \enous values 
which comes to mind at once m a consideiation of a thi ee-chambered 
type of heart The 1 ecu dilation of blood would be expected to occui 
quickly and thus vitiate any attempt at mixed venous equilibrium 
However, any enor of this soit would cause the mixed venous values 
of carbon dioxide, as obtained to be too high lathei than too low 
wheieas the equilibrium values that we obtained rveie low', as low in 
fact as they could possibly be, wuthout assuming some mechanism 
whereby moie aeiated blood could get back into the pulmonary arter) 
than could get into the aoita 

It seems piobable that the slow' late of pulmonai y cn dilation with 
perhaps an increased volume of circulating pulmonary blood, delayed 
matteis enough so that no gieat lecirculation of blood occuned within 
twentj seconds 

It is evident, theiefoie, that with the data obtained the cn dilation 
m this case can be explained on the basis of a three-chambered type 
of heait It is unpoitant to considei next whether the data are also 
consistent with anothei type of cnculation assumed to exist in ceitain 
forms of congenitalh malfoimed heaits, namelv, a simple right-to-left 
shunting of a pait of the systemic venous blood, e g, fiom the right 
ventncle into the left If the latter situation existed, the blood in the 
pulmonary aiteiy would be a mixture of venous systemic blood 
Furthermore, in such a case, 11 respective of the amount of the shunt, 
the arteriovenous difteience in the gases of the blood m the systemic 
circulation would be the diffeience betw'een the pulmonary aitenal con- 
tent (of carbon dioxide or ox)gen) and the systemic aitenal content 
(of carbon dioxide 01 oxygen) If the carbon dioxide 01 oxygen 
content of pulmonary aitenal blood appioached moie and moie neaily 
to that of the systemic aitenes, the ai tei lovenous diffeience w'ould 
deciease, and the blood flow' in the systemic cnculation would be 
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increased coirespondmgly When the two were the same, the blood 
flow (on the right-to-left shunt hypothesis) would become infinitely 
large 

In the present case, theiefoie, it is not possible to explain the data 
on the basis of a simple nght-to-left shunting of venous blood A 
simple left-to-nght shunting is of couise practically luled out by the 
maiked oxygen unsatui ation of aiteiial blood, peisistmg in high oxygen 
atmospheres 

The flow of pulmonar) blood, calculated fiom aitenovenous differ- 
ences and caibon dioxide output, is given in the table, it will be seen 



Fig 4 — Heart of patient, A S, exposing the right ventricle and aorta The 
right ventricular hypertrophy is well shown, as well as the origin of the aorta 
from the right ventricle A probe passes from the right ventricle through the 
stenosed pulmonary artery orifice Immediately below this orifice is the inter- 
ventricular septal defect 

that the volume flow both undei conditions of the waul and of the 
oxygen chambei was about 2 hteis a minute This, of couise, is a 
rather low value and suggests a ceilain amount of pulmonaiv stenosis 
With the pulmonaiy caibon dioxide, then, 9 pei cent b) volume 
quotient it is possible to make a few othei tentative calculations 
Our chief difficulty is m the lespiratory quotient value In the experi- 
ments made on Maich 28, the value 0 96 was obtained, this is almost 
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ceitamly too high, probably as a lesult of overbreathing Using it for the 
calculation of the differences of artei lovenous oxygen, an average 
of 10 pei cent by volume is found, and this added to the artenal 
oxygen gives 30 2 per cent by volume, or ||~| = 89 4 per cent 
oxygen satuiation of pulmonan vein blood A respiratory 
quotient of 0 81 gives ||-| == 95 pei cent saturation, and this is 
piobably nearei the truth In the expenments made on Maich 31 and 
Apnl 1, we were dealing with high oxygen atmospheies, and direct 
Haldane analyses were impossible, oui actual analyses of the samples 
foi ox} gen were unfortunately not accurate, and no satisfactory 
lespnatoiy quotient was obtained If again an average lespiratoiy 
quotient of 0 81 is assumed, the aiteriovenous oxygen difference is 
1 1 pei cent by volume, and the pulmonary vein blood ||| = 98 per cent 
saturated, as one would expect 

So far as the blood flow thiough the s)stemic cn dilation is con- 
cerned, it is, of course, impossible to calculate a definite value Hen- 
derson 12 found that the minimum tension of venous ox)gen compatible 
with tissue metabolism is around fiom 20 to 25 mm Taking the 
latter figure and using the nomogram of the congenital heait 
blood previously mentioned, one finds that this couesponds to 
an ox} gen content of 14 per cent by volume This gives an 
aitei lovenous diffeience of 20 2 — 14 = 58 pei cent by volume, and 
a blood flow of y fy j y = 32 liteis per minute This suggests that 
the s}stennc blood flow in this case is piobably not less than about 
3 liteis a minute 

Othei subsidian points in our data that may be noted aie (1) the 
piactical absence of change m the values for blood gases as a lesult of 
putting the patient m the oxygen chambei, except foi the 5 pei cent 
rise m aitenal ox}gen satuiation and (2) the patient’s large pulmonary 
ventilation, not l educed by high atmosphenc oxygen As a matter of 
fact, the pulmonaiy ventilation mci eased slightl}, but this was piob- 
abh due to the fact that the oxygen chambei was not completely fiee 
fiom caibon dioxide, containing about 0 5 pei cent of this gas The 
high pulmonaiy ventilation, togethei with the laige vital capacity, 
appai enth lepiesents real pulmonary hypei trophy and is a compensa- 
tory mechanism, making possible the large arteriovenous diffeiences 
that aie maintained between pulmonary aitenal and pulmonaiy r r enous 
blood and the maintenance also of an alveolai air caibon dioxide Aalue 
much below the artenal level 

The various types of mtracardiac circulation that occui with 
diffeient congenital malfoimations of the heait have been described m 
detail in monographs by Abbott 4 Many of these malfoimations 

12 Henderson, L J Blood, New Haven, Conn , Yale University Press, 1928 
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involve a recipiocal mixing of venous and artenalized blood pioximal 
to the point wheie the gieat vessels separate («) septal defects, 
auricular, ventnculai or aortic, (b) vanous ti anspositions of the great 
vessels, and (c) atiesia of vanous orifices combined with patent ductus 
aitenosus, etc Fiom the study of the blood gases that we have just 
lepoited, it is not possible, theiefore, to make an accurate diagnosis m 
the piesent case Taking into consideiation also the clinical, loentgen 
and electrocaidiogiaplnc obsenations. we thought it probable that 
the case was eithei one of the tetialog) of Fallot , 13 with lather 
extensne septal defect, 01 a coi biatnatum tnloculaie 

It maj be noted m cases of this soit, with mixing of venous and 
aiterial blood in a common chambei pioximal to the gieat aitenal 
vessels, that unless the mixing is fanly complete, it will be difficult to 
demonstiate it b} blood gas measuiements If, for example, twice as 
much \enous (vena cava) blood as pulmonary vein blood should go 
into the pulmonan aiteiy, and also twice as much pulmonaiy vein blood 
as venous blood should pass into the systemic aoita, then the measuied 
effects would be a highei ststemic arterial content of caibon dioxide 
(due to mixtuie with venous blood) and a lower oxygen content, 
•whereas the pulmonaiy aiteiy blood would show a lowei content of 
carbon dioxide (due to mixtuie with pulmonaiy vein blood) and a 
higher oxygen content It might not be possible to say fiom the data, 
however, wdiethei this state of aftans was due to the given amount of 
reciprocal mixing 01 to a simple right -to-left shunt, combined with a 
more rapid systemic cu dilation rate (and so more “artenalized” vena 
cava blood) It is only w r hen pulmonary aiteiy and arterial blood 
carbon dioxide contents approach equality that it becomes impossible 
to explain the pictuie on any basis other than lecipiocal mixing, when 
pulmonary artei) and systemic aitenal blood gases differ by small 
amounts, a ceitam amount of reciprocal mixing becomes highly piobable, 
but the exact relation between such mixing and the late of the systemic 
circulation cannot be calculated 

The foiegomg argument w r as wntten on the basis of clinical and 
experimental data, while the patient w ? as still living 

Second Admission — The patient W'as readmitted to the hospital on Mav 7, 
1930, with a history of headache and vomiting for ten days, and paralysis of the 
left leg for four days During the next five days the paralysis extended over the 
whole left side She became increasingly weak and stuporous, and died on May 
12, 1930 It was noteworthy that there ivere no pronounced symptoms of cardiac 
failure, the pulse remaining steady and respiration slow r and regular almost to 
the end Death was thought to be due to progressive thrombosis in the cerebral 
blood vessels 

13 Fallot, A Contribution a l’anatomie de la maladie bleue, Marseilles med 
25 77, 138, 207, 270, 371 and 403, 1888 
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Autopsy —Autopsy was performed on May 12 

Heart The length of the heart from the superior margin of the right auricular 
appendage to the apex measured 11 cm The base at the level of the aortic outlet 
measured 7 cm and the anteroposterior diameter, 7 S cm The heart was globular 
and the apex was wide anci blunt The foramen ovale was closed The leaflets 
of the tricuspid valve were thin and delicate On the line of the closure of the 
infundibular leaflet was one small, yellowish-gray, pyramidal nodule measuring 
less than 1 mm in width The chordae tendineae were slender The endocardium 
of the right ventricle was thickened over its entire surface The papillary muscles 
and columnae carneae were large, and the ventricular wall was markedly hyper- 
trophied, measuring 1 5 cm in thickness The aorta took its origin from the right 
ventricle Three leaflets were present m the aortic valve, and these were equal 
in size The posterior cusps w'ere joined by a wedge-shaped mass which measured 
7 mm in width at the margin of the valve This w'as 5 mm in thickness and 
extended backward, joining the segments of the valve, to the point of junction 
with the aorta Beneath the endocardium this mass appeared to be reddish gray 
The margins of the posterior valve leaflets adherent to the mass were thickened 
and somewhat rolled, a process which extended across part of each leaflet The 
margin of the anterior leaflet, at its center, urns also somewhat thickened and 
slightly nodular In the interventricular septum, situated just below' the level of 
the aortic valve leaflets, was an opening 1 S cm in its greatest diameter The 
lower margin of this was formed by the muscular wall of the septum, while the 
upper margin was formed by the left posterior leaflet of the aortic vahe and the 
pulmonic valve The pulmonic valve appeared as a thick membrane in which 
there was a longitudinal opening about 7 mm in length but only from 2 to 3 mm 
in width On the ventricular sui face two small triangular elevations extended 
outward from each end of the slithke orifice to the pulmonic ring, thus giving the 
appearance of two large and tw'o small fused sectors The pulmonic valve over- 
rode the septal defect, lying slightly more to the left than to the right, the 
pulmonary orifice thus opening fiom the left ventricle The endocardium of the 
left auricle was of normal thickness , that of the left ventricle w’as slightly thick- 
ened throughout The leaflets of the mitral vahe w’ere not thickened, and the 
chordae tendineae w r ere slender The papillary muscles rose in three adjoining 
columns from the lateral wall of the left ventricle, and w r ere not hypertrophied 
1 he myocardium of the left ventricle measured 12 mm in thickness The muscles 
of both right and left ventricles w r ere deep brownish red and firm 

The measuiements of the heart w'ere tricuspid \alve, 7 cm , orifice of the 
pulmonic valve, 7 by from 2 to 3 mm , aortic valve, 6 cm , mitral valve, 6 cm , 
right ventricle, 1 5 cm and left ventricle, 1 2 cm 

The coronary arteries lose below the level of the highest points of attachment 
of the aortic valve leaflets, from the sinuses behind the posterior segments of the 
valve The right arterj' sent a branch to the left ventricle, supplying its posterior 
half The left artery divided into the tw'o usual branches, the anterior descending 
branch and the circumflex 

Aorta The ascending aorta measured 6 5 cm in circumference in its ascend- 
ing portion At the level of the patent ductus it measured 42 cm in circum- 
ference and at the level of the superior mesenteric artery, 3 2 cm The intimal 
surface was pale yellow The aorta was elastic The ductus arteriosus was open, 
its orifice measuring 8 by 5 mm in size 

Pulmonary Artery and Ductus Arteriosus The pulmonary artery lay to the 
left and, in part, posterior to the aorta, and measured 1 5 cm in diameter Five 
millimeters above its bifurcation, the patent ductus arteriosus entered the left 
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pulmonary arterj, its lumen being about 2 mm in diameter at this point The 
ductus measured 1 5 cm m length 

The bronchial arteries seemed large for the age of the patient, that to the left 
bronchus measuring 3 mm in diameter, while that to the right measured about 
2 5 mm 

Anatomic Diagnosis — The anatomic diagnosis was congenital pulmonary 
stenosis, a defect of the interventricular septum, transposition of the great arterial 
trunks, hypertrophy of the right ventricle, patent ductus arteriosus, congestion 
of the viscera, abscess of the brain with rupture into the right lateral ventricle and 
localized acute leptomeningitis 

COMMENT 

Cluneal veisus Pathologic Obseivations — A comparison of the 
clinical with the pathologic obseivations is interesting That the blood 
in the pulmonary aiteual system and the blood in the systemic aitenal 
system weie essentially the same in lespect to the content of gases is 
definitely confinned, foi, with the extreme dextroposition of the aoita 
even fuithei to the light than the pulmonaiy arteiy, the fonnei vessel 
could haidly have leceived moie highly aeiated blood than the latter 
The venous blood fiom the light auncle evidently mixed with that 
f lorn the left ventncle, the latter coming in thi ought the laige septal 
defect The mixed blood then passed out laigely through the aorta, 
although a small pait passed through the stenosed pulmonaiy aiteiy 
The pulmonary cn culation was inci eased by the passage of some aoitic 
blood through the patent ductus aitenosus, and perhaps also tluough 
the enlarged bionclual aiteues 

Fiom the physiologic standpoint, theiefoie, the circulation was that 
of a thi ee-chambered heait 

A fuither possibility should be mentioned, namely, that the pul- 
monary aiteiy actually leceived blood that was better aerated than did 
the aoita, due to the position of the pulmonary orifice immediately above 
the septal defect The fact that the pulmonaiy arteiy caibon dioxide 
(see the table) was measurably less than the systemic arterial carbon 
dioxide points m the same direction, but the technic was not accurate 
enough to make this evidence definite 

The exact pathology of the heait was obviously not deduced from 
the clinical studies, the diagnosis of patent ductus artenosus was not 
made It might have been suspected fiom the double muimur at the 
base of the heait combined with the accentuated pulmonic second sound 

As to the extent of pulmonary stenosis, the experimental data 
seemed to show that the pulmonaiy blood flow was roughly half the 
systemic, 2, as compared with about 3 5 liters per minute The small 
size at autopsy of the opening of the pulmonary aitery and of the ductus 
arteriosus at its pulmonary end suggests that the pulmonary blood flow 
was even less than 2 liters It is not possible to adduce definite figures 
on this point measurements of the size of the onfices of these vessels 
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at autopsy would not necessanly be piopoitional to then sizes during 
life, and pressure relations would be difficult to estimate 

The extensive hypertiophy of the lungs m this case is clearly 
explained, as suggested, by the small pulmonaiy blood flow 

From the point of view of expenmental method, this study has 
been of especial interest in that the technic employed is shown to have 
given fairly accuiate lesults with at least one t>pe of pathologic cn cu- 
lation It is not often that a technic for measuimgdhe blood flow can 
be satisfactory venfied in man 


Blood Flow 



Reduced blood dO? 
Oi ygenated blood fcOj 

CO^ 38 \ 

Oj. 20 2 

arterial blood 

| Blood Flow 
•I 3 5 1 p «i 


Fig 5 — Diagrammatic l epresentation of the circulation (tetralogy of Fallot, 
combined with patent ductus arteriosus) The blood flow, m liters per minute, is 
represented by the width < of blood vessels in the diagram The hatched areas 
represent the reduced blood and the dotted areas, the oxygenated blood For 
purposes of illustration, reduced and oxygenated blood are represented as flowing 
separately in blood \essels D-A is the ductus arteriosus The figures for 
carbon dioxide and oxygen are taken fiom the experiment performedron March 2S, 
except that the pulmonary artery caibon dioxide (3S3) and the arterial carbon 
dioxide (38 6) are both taken as 38 4 on the assumption that the blood m these 
two vessels is identical 

A diagiam of the cnculation m this case is given m figuie 5 In 
it an attempt has been made to show both the couise of the circulation 
and the approximate amounts flowing m each part The systemic 
circulation, based on the assumption noted m previous paiagraphs, i$ 
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taken as 3 5 hteis per minute For pui poses of illustration, the pul- 
monary arter}' and ductus arteriosus are assumed to contribute equal 
amounts to the pulmonaiy circulation 

SUMMARY 

Clinical, physiologic and pathologic studies have been made m a 
case of congenital malformation of the heait, the anatomic lesions of 
which were those forming the tetralogy of Fallot combined with a patent 
ductus arteriosus 

The course of the circulation is described 

Dr A L Barach cooperated with us m the use of the oxygen chamber, and 
Dr Berjd Paige prepared and described the pathologic material 


f 



HYPERTENSION IN CASES OF CONGENITAL 
POLYCYSTIC KIDNEY 

FREDERICK W SCHACHT, MD 

WINNETKA, ILL 

The piesence of peisistent hypei tension m cases of congenital 
polycystic kidney has been a disputed point m the hteiatuie Various 
investigators 1 have called attention to the high incidence of hypertension 
associated with this condition In 1928, Bell and Clawson,- aftei a 
leview of the hteiatuie and a stud}' of eight cases, concluded “The 
available information is stiongly against the view that congenital cystic 
disease of the kidneys is accompanied by peisistent h} pei tension ” 

In 1914, Veil 3 studied three cases m which a definite diagnosis of 
polycystic kidney had been made at a clinical examination The patients 
wei e women, aged betw een 42 and 50 In each case the heart was not 
enlarged, but the blood piessuie was elevated Veil maintained that 
the absence of cardiac hypei trophy was against peisistent hypertension, 
and because there was not mailced lenal insufficiency, he did not think 
that the hypei tension could be of lenal origin 

In a review of 193 cases of polycystic kidney at the Majo Clinic, 
one of the most striking abnormalities noted was the numbei of patients 
with hypei piesis In this group, the S}stohc pressuie m 61 per cent 
was 145 mm of mercuiy, or moie, wheieas m 55 pei cent the diastolic 
piessure was 90 mm of meicury, or moie This observation led me 
to make more intensive investigations 

For the piesent investigation, I chose the lecoids of patients with a 
polycystic kidney, who had died These i ecoi ds furnished seventy-four 

15 Submitted for publication, Sept 15, 1930 

* Abridgment of thesis submitted to the faculty of the Graduate School of 
the University of Minnesota, in partial fulfilment of the degree of Master of 
Science in Urology, 1930 The work was done under the superusion of Dr James 
W Kernohan, Section on Pathologic Anatomy, the Mavo Clinic 

1 Braasch, W F Clinical Data of Polycystic Kidney, Surg Gynec Obst 
23 697 (Dec ) 1916 Ritter, S A , and Baehr, George The Arterial Supply of 
the Congenital Polycystic Kidnev and Its Relation to the Clinical Picture, J Urol 
21 583 (May) 1929 Vollard, Franz, and Fahr, Karl Die Brightische Neiren- 
firankheit, Berlin, Julius Springer, 1914 

2 Bell, E T , and Clawson, B J Primary (Essential) Hypertension A 
Study of Four Hundred and Twenty Cases, Arch Path 5 939 (June) 1928 

3 Veil, quoted by Rosenberg, Max, and Munter, Friedrich Zur Frage der 
renalen oder extrarenalen Blutdrucksteigerung, Deutsche med Wchnschr 50 1437 
(Oct) 1924 
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•cases, in which the blood pressure \\ as noted at least once m seventy-tv o 
cases, and frequently it was noted several times The incidence of 
hypertension m this group was 75 per cent , the systolic level of 145 mm 
of mercury had been chosen as indicating elevated blood piessure In 
order to eliminate the factors of age, sex and renal infection, a gioup 
of seventy-two patients of corresponding age and sex, with chronic 
bilateral pyelonephritis, was studied with l ef erence to the blood pressui e, 
the size of the heait and the changes in the eyegiounds In this group, 
-the blood piessuie was elevated in only 26 per cent 

REVIEW OF THE LITERATURE 

In 1850, Johnson, 4 5 in describing the arteries of the kidney m chronic 
mtei stitial nephritis, stated “In the healthy vessel the inner coat is 
thinner than the outer, but m a diseased condition I have generally 
found them of nearly equal thickness The two coats appear to be the 
same nature and in all probability they are musculai The thickening 
appears to be propoi tionally greater m the smallest arteries ” In 1868, 
he reported 3 the results of further experiments that confirmed his first 
observation, and he continued, “In every fatal case of chronic Bright’s 
disease with hypertrophy of the left ventricle, theie has been decided 
"hypertrophy of the arterial walls in most of the tissues examined, not 
only in the kidneys, but also m the skm, the intestines, the muscles 
and the pia mater ” 

In 1872, Gull and Sutton 6 maintained “The marked change m 
•the arteries and capillaries is the primary and essential condition of the 
morbid state called chronic Bright’s disease with contracted kidney ” 
Various arterioles and small arteries, situated chiefly m the pia matei, 
"kidney, skm, stomach, spleen, lung, heart and retina, were measured 
by these investigators 

In 1877, Ewald 7 studied sixty-two cases of conti acted kidney, and 
found muscular thickening of the aiterioles and hypertrophy of the 
-muscles of the heart in almost all cases of chronic gianular interstitial 
nephritis 

4 Johnson, George On the Proximate Cause of Albuminous Urine and 
Dropsy, and on the Pathology of the Renal Blood Vessels in Bright’s Disease, Tr 
Med-Chir Soc London 33 107, 1850 

5 Johnson, George I On Certain Points in the Anatomy and Pathology 
of Bright’s Disease of the Kidney, II On the Influence of the Minute Blood 
Vessels upon the Circulation, Tr Med-Chir Soc London 51 57, 1868 

6 Gull, W W , and Sutton, H G On the Pathology of the Morbid State 
Commonly Called Chronic Bright’s Disease with Contracted Kidney, Tr Med - 
Chy Soc London 55 273, 1872 

/- Ewald, C A Ueber die Veranderungen kleiner Gefasse bei Morbus 
Brightn und die darauf bezughchen Theorien, Virchows Arch f path Anat 
71 453 (Dec) 1877 
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In 1904, Joies s found vascular alteration m which the intima had 
undergone fatty and hyaline degeneration and the internal elastic 
membrane was maikedly thickened However, m a single case, he noted 
definite thickening of the muscle of the media of the aitenoles m many 
organs, including the arterioles of the skeletal muscle In this case there 
was also a disturbed ratio between the thickness of the Avail of the vessel 
and the lumen of the arterioles 

In 1916, Fahi 9 called attention to a “necrotic process of the walls 
of the small artenes and arterioles, with destruction of the renal 
parenchyma”, because of its serious nature, he tenned the condition 
malignant renal sclerosis 

In 1928, Keith, Wagener and Kernohan 10 showed narroiving of the 
aitenoles and small artenes m many organs, including the voluntaiy 
muscles, in a group of cases of hypei tension in which the course was 
rapidly fatal They teimed the condition malignant hypertension They 
noted a characteristic retinal picture, the age incidence, the absence of 
anemia and the frequent adequacy of renal function In 1929, these 
investigators 11 concluded, “The arterioles in voluntary muscle of 
ambulatory patients until diffuse hypertensive disease frequently show 
distinctive histologic changes These changes differ in degree and may 
afford a valuable index for predicting the ultimate outcome of the 
individual case ” 

A study of the arteries of the polycystic kidney by the method of 
injection Avas carried out by Hmman and Morrison 12 and Ritter and 
Baehr 13 They demonstrated marked reduction m the caliber of the 
arteries in the polycystic kidneys that Avere injected 

The most popularly accepted limit of normal systolic blood pressuie 
for the adult lies in a range of from 140 to 150 mm of meicury Bell 
considered a persistent systolic piessure of 150 mm as the highest limit 
of normal in adults of middle age Abvaiez 14 found a systolic pressure 

8 Jores, L Ueber die Arteriosklerose der kleinen Organarterien und lhre 
Beziehungen zur Nephritis, Virchows Arch f path Anat 178 367 (Dec ) 1904 

9 Fahr, T Ueber maligne Nierensklerose (Kombinationsform), Centralbl 
f allg Path u path Anat 27 481 (Nov ) 1916 

10 Keith, N M , Wagener, H P , and Kernohan, J W The Syndrome of 
Malignant Hypertension, Arch Int Med 41 141 (Feb ) 1928 

11 Kernohan, J W , Anderson, E W, and Keith, N M The Arterioles 
in Cases of Hypertension, Arch Int Med 44 395 (Sept) 1929 

12 Hinman, F , and Morrison, D M Comparatn'e Study of Circulatory 
Changes in Hydronephrosis, Caseo-Cavernous Tuberculosis and Polycystic Kid- 
ney, J Urol 11 131 (Feb) 1924 

13 Ritter and Baehr (footnote 1, second reference) 

14 Alvarez, W C Blood Pressure in University Freshmen and Office 
Patients, Arch Int Med 26 381 (Oct) 1920 
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of 140 mm m men and of 130 mm in women Janew at 13 was of the 
opinion that any pressure of 135 mm up to middle life, and 145 or 150 
mm thereafter, was abnormal The presence of peisistent or signifi- 
cant hypertension can usually be established either by frequent periodic 
readings of the blood pressure or by examination of the fundus of the 
eye Fisher 10 found that the average systolic blood pressure in a laige 
group of pei sons was from 116 mm at the age of 16 to 136 mm at 
the age of 65 


Companson of Measurements of Renal Vessels 


Cases of Polycystic Kidney Control Group 

_ _ -l ■ - „ . K 
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63 
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1 2 07 ± 0 12 
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42 

10 

1 2 48 ± 0 13 
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1 2 22 ± 0 10 

4S 
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1 1 29 ± 0 10 

75 
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55 
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10 

10 

1 1 43 ± 0 10 
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10 
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42 
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50 
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47 

17 

9 
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40 

10 
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40 

18 

10 

1 1 17 ± 0 05 

33 

10 

1 2 16 ± 0 09 

35 

19 

10 

1 1 21 ± 0 09 

50 

9 

1 2 11 -+- 0 11 
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CLINICAL DATA 

The clinical data taken from the records of seventy-four patients 
who had died are shown m the accompanying table, a diagnosis of 
polycystic kidney was made m all of these cases In this group, com- 
posed of twenty-five women and forty-nine men, the aveiage age at the 
time of death was 50 The blood pressure was noted m seventy-two 
cases The systolic blood pressure w r as found to be 145 mm of mercury 
or more in fifty-four cases (75 per cent) The diastolic pressure w r as 

15 Janeway, T C Important Contributions to Clinical Medicine During the 
Past Thirty Years from the Study of Human Blood Pressure, Bull Johns Hop- 
kins Hosp 26 341 (Oct ) 1915 

16 Fisher, J W, quoted by Norris, G W , Bazett, H C, and McMilhan, 
T M Blood-Pressure, Its Clinical Applications, Philadelphia Lea & Febmer 
1927 




504 


ARCHIVES OF INTERNAL MEDICINE 


more than 95 mm of mercury m fort} -two cases (58 per cent). 
Examination of the retina revealed sclerosis of the retinal arterioles m 
68 per cent 

Wagenei 17 lecentl} stated “In m\ opinion all of the branches of 
the central artei} usually studied with the ophthalmoscope are aitenoles. 
Visible sclerosis of these vessels, not secondary to primary disease of 
the optic nerve, of the retina or of the choroid coat, is practically always 
evidence of hipertensne disease, whether or not the readings of blood 
piessure aie high at the time of examination The same proc- 

esses observed m the retina are going on m the aiterioles throughout 
the bod\ ” 



Fig 1 — Poljcistic kidney with systolic blood pressure plotted according to 
the age The large number of cases m which the blood pressure was above 145 
mm of mercury and the lack of correlation between age and blood pressure may 
be noted 

Cardiac enlargement was evident in 32 per cent of the cases observed 
b} me Hypertension occurred m twent} -eight cases m which the age 
did not exceed 52 and m tv enty-six cases in which it was more than 52 
The coefficient of correlation between the age and the blood piessuie 
was found to be 0 17± 0 08 (fig 1) In othei words, in the majority 
of these cases the element of age was not the mam factor causing the 
h} pertension, as there was almost no correlation between the age and 
the blood pressure m this group of patients vith polyc} stic disease of the 

17 Wagener, H P Retinal Vascular Changes m Hypertension, Proc Staff 
Meet, Mai o Chn 5 203 (July 23) 1930 
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kidnejs If this h)pei tension resulted because of the geneial weai and 
tear on the cardiovascular system, a much closer correlation between 
the readings for the age and the blood pressuie would be disclosed 

In 86 per cent of the cases m this gioup, definite evidence of renal 
insufficiency was shown by determinations of the urea or the phenol- 
sulphonphthalem Anemia w r as levealed m 66 per cent The specific 
gravity w 7 as below 7 1 010 m most of the cases In approximately 70 
per cent, albuminuna giaded 2 w r as shown 

CONTROLS 

A study of seventy-twm cases of p) elonephutis (in subjects of coi- 
lespondmg sex and age) w^as carried out This group w f as chosen in 
older to eliminate as far as possible the influence of age, sex, renal 
infection and the like on the blood piessuie In 26 per cent of these 



Fig 2 — Patients with pj elonephritis of age and sex corresponding to cases in 
figure 1 The large number whose blood pressure ivas below 145 mm of mercury, 
and the close correlation (0 56) between age and blood pressure may be noted 
This is similar to correlations between height and weight of human beings, as 
noted by Thurstone 

cases the readings of the blood piessure w r eie indicative of hypei tension 
In 24 per cent, the retinal examination revealed sclerotic changes m 
the eyegiounds Associated retinitis was not noted m this group 
Cardiac enlargement was noted in 8 pei cent 

Correlation between age and blood pressure was also found m this 
group The coefficient was 0 56±0 05, which was comparable to the 
correlation found by Thurstone, 18 between height in inches and weight 
in pounds in human beings (fig 2) The h} per tension m this control 

18 Thurstone L L Fundamentals of Statistics Xew York The Macmillan 
Company, 1925, p 202 
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gioup is dependent laigely on the factoi of age just as it would be in 
practically every other condition, although the geneial aveiage reading 
of the blood piessuie is slightly higher than normal because of the 
renal infection and its aftemiath 



Fig 3 — a, normal arteriole adjacent to the glomerular capsule The relation 
of the wall to the lumen may be noted Van Gieson’s stain , X 650 b, arteriole 
in a polycystic kidney with the lumen almost obliterated bv nuclear proliferation 
adjacent to tbe glomerulus Hematoxylin and eosin stain, X 750 



Fig 4 — a, an afferent arteriole in an apparently normal kidney Hematoxi bn 
and eosm stain , X 650 b, an arteriole m a polycystic kidnei , marked thickening 
of the media may be noted Van Gieson’s stain, X 750 * 


RER \h VESSELS 

Nineteen poljcjstic kidnejs were available foi mici oscopic studies 
(figs 3b and 4b) Representative sections weie made fiom several areas 
of each kidney and the tissues ■were stained with hematoxylin and eosm, 
Wiegert’s elastic tissue stain and van Gieson’s connective tissue stain 
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As conti ols, nineteen kidneys were selected from patients ot the same 
age and sex in whom death had oc<?uired follow mg a condition othei 
than cai diovascular renal disease (figs 3 a and 4a) The same stains 
and technic weie employed The measut ements were made after the 
method of Keinohan with a Bausch and Lomb miciometei, caie being 
taken to select the vessels cut at right angles 

The diametei of the small artenes and the aitenoles was obtained 
in each case From eight to twelve aitenoles and small aitenes weie 
measuied m each polyqstic kidney and m each noimal kidne), and the 
avei age size f oi each gi oup was computed The pi obable en oi f oi each 



Age m year _> 

Fig 5 — The average of individual readings of each case is shown charted as 
dots in cases of polycystic kidney, they are also arranged according to the age 
of the patient The control groups are charted m a similar manner, in circles 

gioup of measui ements was also calculated Under these cucumstances, 
the same factois of enoi tend to be earned from one gioup to the 
other, and any senous souice of enor is avoided 

Such measurements of the artenoles show that in the noimal kidney 
the ratio of the wall to the lumen varies from 1 1 90 to 1 2 59, and- 
the average ratio was approximately 1 2 20, as noted m figure 5 

The variation between the vessels that were measured in one subject 
was found to be appi oximately the same as the variation between the 
averages of different subjects (table) 

The vanations m the vessels of the polycystic kidney taken fiom 
subjects of the same age and sex as those m the control gioup averaged 




508 


ARCHIVES OF INTERNAL MEDICINE 


fiom 1 0 96 to 1 185, with most of the cases occurnng between a 
latio of from 1 1 15 to 1 1 40 Thus a vanation is seen within the 
gioup of polycystic kidneys as m the group of noimal kidneys, but thcie 
is a ide and consistent clifieience between the two groups (fig 5) 

COMMENT 

The question of hypertension occuirmg with congenital polycystic 
disease of the kidney has been an mteiestmg point in the literature 
Hypertension has been explained on a purely lenal basis by some 
authois 19 Hoivevei, the piesence of hypei tension m congenital poly- 
cystic disease of the kidney is not necessarily' secondary' to lenal changes 
Since letmal sclerosis is present in a high percentage of cases, and since 
it is found moie frequently than the secondary factor of cardiac enlarge- 
ment, it seems piobable that the scleiosis is moie closely l elated to the 
cause than to the lesult of hypei tension Cauliac hypei trophy was 
found on clinical observation m 32 pei cent of the cases in this senes 
There can be no doubt that if all of the heaits m this senes had been 
available for weighing, many moie would have been found laiger than 
noimal since it is extiemely difficult to observe slight enlaigement of 
the heart m a living peison 

Peripheral sclerosis, a clinical obsei vation, is larely rccoided with a 
high degree of accuiacy, and unless obsei ved by one specially intei ested 
in this subject, it is fiequently not noted This probably explains the 
disci epancy between the retinal and the penpheial scleiosis m this study 
The importance of retinal scleiosis in any studies of hypei tension 
cannot be overemphasized when piopeily controlled 

Renal vascular change undoubtedly' is significant in the clinical 
picture of congenital poly'cystic kidney The maiked mechanical mter- 
feience on the vascular pattern with consequent stretching and stiammg 
of the arteries and artenoles, the increase in the thickness in the w'alls 
of the arterioles and of the small artenes aie facts which have not been 
previously emphasized m the study of this group of cases of lenal 
insufficiency 

Fuithermoie, the propel study' of any gioup of cases of hypei - 
tension should include a fairly selected conti ol group which offers 
opportunity to compare and include such factois as age, sex, chronicity 
and peculiarities of the oigans It is thought that these requisites have 
been thoroughly' consideied m choosing a conti ol gioup of cases of 
chi omc pyelonephritis 


19 Fahr, T Ueber die Beziehungen von Arteriolensklerose, Hypertome und 
Hertzhj pertrophie, Virchows Arch f path Anat 239 41, 1922 Passler and 
Hemike Versuche zur Pathologie des Morbus Brightn, Verhandl d deutsch 
path Gesellsch 9 99 (Sept) 1905 
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SUMMARY AND CONCLUSIONS 

1 Evidence at hand indicates that in the majority of cases of poly- 
cystic kidney, significant or persistent hypei tension is present 

2 There is maiked thickening of the vails of the artenoles and of 
the small arteries of the polycystic kidney, with consequent reduction 
m the ratio between the thickness of the wall and the diametei of the 
lumen of the vessels of the kidney 

3 The high incidence of retinal sclerosis m these cases indicates 
that the process piobably is associated with a generalized lascular 
disturbance 
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Le diablte sucre sox traiimext Bj P A Carrie Price, 20 francs 
Pp 91 Paris Gaston Doin & Cie, 1930 

It is a general fault of articles in the French literature that practically no 
attention is paid to the matter of bibliography Carrie’s treatise is no exception, 
and this detracts considerably from the \alue of the book to those who may wish 
to go to original sources for confirmation of the statements made in the text 
Such neglect of the literature gives the impression that the authority of the 
professor’s spoken word is supreme m France, and that the critical questioning 
of authority which has developed, particularly in Germany and America, and 
which is so stimulating to progress, is sadly lacking there 

A few errors are noted Ihe author, for instance, in a footnote implies that 
alcohol is converted into sugar He also contrasts the ketogemc-antiketogemc 
ratio, 2 1, of Shatter with the 4 1 ratio of Ladd and Palmer, overlooking the 
fact that Shaffer’s ratio is one of molecules of fatty acid to molecules of dextrose, 
whereas Ladd and Palmer expressed the proportions in terms of grams of fat 
to grams of carbohydrate When recalculated into molecules, Ladd and Palmer’s 
ratio is essentially the same as that of Shaffer 

It is also evident from the context that the author has not comprehended the 
fact that these ratios are significant only as far as they express the proportions 
of the various food factors actually metabolizing The ratio of the factors in 
the diet will be the same as that of foods metabolizing only when none of the 
food eaten is stored and all caloric requirements are perfectly satisfied 

The treatment for coma, from the point of view of manj American clinicians, 
is inadequate The use of alkali is reserved for cases in which insulin is temporarily 
unobtainable, and little or no attention is paid to the important question of pro- 
viding fluids to combat dehydration 

The reviewer is further dissatisfied with the consideration given the question 
of diabetes in pregnancy He nas not observed increasing severity as pregnancy 
progresses , on the contrary, in many instances the tolerance increases m the later 
months of pregnancy and continues high during lactation Nor does he agree 
with the unqualified statement that nursing the infant aggravates the mother’s 
diabetes 

Despite these fev r objections, the reviewer finds himself in sympathy with the 
author’s views The treatise is an excellent presentation of a method of treating 
patients with diabetes, which resembles closely that in use in the leading American 
clinics, a method m which empiricism has been replaced by a scientifically adjusted 
dietary and the precise use of the now available substitution therapv 

Text-Book of Medicine Edited by Russell L Cecil, AB, MD, ScD, 
Assistant Professor of Clinical Medicne in Cornell University, Assistant 
Visiting Physician in Bellevue Hospital, New York, and Associate Editor 
for Diseases of the Nervous System, Foster Kennedy, MD, FRSE, 
Professor of Neurology in Cornell University, Head of Neurological Depart- 
ment, Bellevue Hospital Second edition, revised and entirely reset -^Cloth 
Price, $9 Pp 1,592 Philadelphia W B Saunders Company, 1930 

The first edition of Cecil’s “Text-Book of Medicine,” published in 1927, met 
with unqualified success as a response to an evident demand for an authoritative 
text covering the entire field of medicine in a single volume After three 
repnntmgs, the second edition appeal s, thoroughly revised, mam chapters entirely 
rewritten and several new chapters added The entire type has been reset A 
work of this character deserves special mention 
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There are 135 contributors, each a recognized authority in the particular 
field which he coiers These are for the most part well known teachers of 
medicine in medical colleges of American universities, but contributors from Porto 
Rico, China, the United States Public Health Service, semiprivate sanatoriums 
and the curator of the New York Zoo have been included, each adding authorita- 
tne chapters in some particular field of medical science Uniformity of style 
has been sacrificed for authoritative presentation, but save in a few instances 
this proves of little consequence As editor, Cecil states m the introduction 
to the present volume that “it is doubtful if any author of the future will haie 
the temerity to write a complete text-book of medicine without considerable 
collaboration ” 

The section on the diseases of the nervous system is edited by Dr Foster 
Kennedy Of this, the chapters on the method of neurologic examination and 
the diagnostic significance of the cerebrospinal fluid should proie instructs e to 
students The diseases of the nervous system are presented with sufficient detail 
and perspective to serve the student’s needs 

Ihe book is completely indexed, eighty-nine pages being devoted to this 
task, which greatly enhances the value of the w'ork as a ready reference treatise 

Pernicious Anemia By Leybourne Stanley Patrick Davidson, BA, 
MD, F R C P E , Lecturer in Systematic and in Clinical Medicine in the 
University of Edinburgh and George Lovell Gulland, C M G , LL D , 
MD, Consulting Physician to the Royal Infirmary, Edinburgh Appendix 
on Dietitic Treatment by Ruth Pybus, Sister Dietitian, Royal Infirmary, 
Edinburgh Introduction by Lawrence D Thompson, M D , Assistant Pro- 
fessor of Clinical Medicine, Washington University School of Medicine Cloth. 
Price, §8 50 Pp 293, with illustrations St Louis C V Mosby Company, 
1930 

Because of the great advance in knowledge of pernicious anemia and its treat- 
ment, a monograph on the subject is not only warranted but desirable The 
recent discovery of liver therapy was not accidental, but came to fruition through 
painstaking research by many persons which culminated in the experimental 
treatment, by Whipple and his collaborators, of animals with anemia with a diet 
of liver and the clinical application of the principles to patients by Minot and 
Murphy in 1926 In addition to this therapeutic advance, great gains have been 
made during the past decade in knowledge of the formation of blood, the destruc- 
tion of blood and the metabolism of pigment Refined methods in hematology, 
bacteriology and biochemistry have all added their quota Unfortunately, this new 
and useful knowledge has failed to answer many questions concerning the etiology 
and pathogenicity of the disease but has, on the contrary, opened up many new 
leads for further research on questions of fundamental importance 

The authors have given a critical review of the literature dealing with every 
aspect of the disease from the earliest descriptions to the recent fundamental con- 
tributions of Peabody, Castle, Minot and Murphy and Sturgis Chapters are 
devoted to a historical review, the physiology of the formation and destruction 
of blood, the pathology, etiology, symptomatology, diagnosis, prognosis and treat- 
ment with an appendix on dietotherapy, a bibliography and an index Excellent 
discussions appear frequently by writers wdio have had a large experimental and 
clinical experience with the disease The book was written primarily for the 
specialist, but should be of equal seivice to the student and the medical practitioner 

Ueber das Problem der bosartigen Geschwulste Eine ex perimentelle 
und theoretische Untersuchung By Prof Dr Lothar Heidenhain 
Price, 42 marks Pp 229 Berlin Julius Springer, 1930 

The essence of Dr Heidenhain’s experimental work is the production of 
neoplasms in mice by the injection of extracts of cancer tissue The rest of the 
book also contains elaborate theoretical discussion of the implication of these 
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experiments and tlieir relation to other theories of the production of cancer He 
believes that there is a carcinogenic agent in cancer tissue that has the power 
to cause the formation of secondary tumors on its injection into animals of 
difterent species The work is excellently illustrated with superb photomicrographs 
of cancers produced experimentally in mice 

There are, however, insuperable difficulties to the acceptance of this theorj 
The well known frequency of spontaneous disease in mice is the greatest of these 
Sixteen per cent of the animals into which injections weie made developed tumors, 
which is a scarcely greater ratio than one would normally expect in many strains 
of laboratory mice There is also the equally well known fact that a large number 
of totally nonspecific irritations or traumas will produce cancer in mice 

Unless furthet experimental -work can show that the difference between cancers 
produced bv injection and the normal cancer rate in mice is of a far higher degree, 
one cannot assume that anything has been proved as to the etiology of cancer 

Chronic Arthritis and Riiehmatoid Attections — With Recovery 
Records By Dr Bernard Langdon Wyatt, Director of the Wyatt 
Clinic, Tucson, Ariz Price, $2 50 Pp 139 New York William Wood & 
Company, 1930 

Under this rather ambiguous title, the author has v ritten an account of 
chronic rheumatism He presents some dietary fads, recommending a diet with 
an alkaline ash for rheumatoid arthritis and acid base foods for osteo-arthntis 
He overstresses the value of colonic lavage, but properly emphasizes the impor- 
tance of free eiacuation from the bowel He makes the rather common error 
that viosterol may be substituted for cod liver oil in cases of rheumatoid arthritis 
He stresses, and the reviewer believes properly, the importance of climate in the 
treatment for certain types of chronic arthritis 

In his orthopedic treatment he follows Swaim , this chapter is one of the best 
The volume is written in a popular style and covers the whole field in a 
satisfactory manner The general practitioner will find this book helpful, as the 
methods of treatment are presented conciseh 

International Medical Annual A Year Book or Treatment and 
Practitioner’s Index Price, $6 Pp 910 New York William Wood 
& Companj, 1930 

This i ear’s annual is no exception to any of the preceding numbers It is 
well condensed and unusually complete considering the amount of subject material 
to be covered For the internist, the recent advances in diabetes and peptic 
ulcers are especially interesting Various conditions that mav be relieved by peri- 
arterial sj mpathectoiry are discussed Treatment for lobar pneumonia with 
Felton’s concentrated antipneumococcus serum is mentioned in a large series of 
cases The treatment for gonorrheal arthritis is thoroughly discussed As a 
whole, there are few fields of any importance that have been omitted, including 
advances in public health Perhaps the most important feature is in the field of 
current therapy, which one rarely finds so completelj co\ ered in a single volume 
As a reference work for the physician, it has its most useful place 
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NORMAL, ABSENT AND PATHOLOGIC TONSILS 
IN YOUNG WOMEN 

A COMPARISON Or HISTORIES r 
RUBY L CUNNINGHAM, MD 

BERKELEY, C \LIF 

A recent government repoit 1 estimates that about one third of all 
operations peifoimed since 1924 among the American uiban population 
weie for the lemoval of tonsils and adenoids In commenting on this 
statement, the editor of The Journal of the Amcucan Medical Associ- 
ation pointed out the uigent need for comprehensive statistical studies 
of the results of the lemoval of tonsils to date 2 

More than one thud of the young women entering the Umveisity 
of California during the last ten years had had an operation for the 
lemoval of tonsils As a result of the physical examination required 
at enhance, about one-third weie thought to have noimal tonsils, for 
the lemaimng one-thud, the tonsils weie recorded as pathologic, as 
remnants oi as buried oi projecting, often without indication of then- 
state of health (table 1) 

The opportunity of conti asting the histories of the three groups of 
women students — those with normal, those with absent and those with 
pathologic tonsils — gave promise of aiding m the solution of some of 
the many problems that still surround tonsillectomy 

MATERIAL AND METHOD 

The station-to-station method u as used for the physical examination 
required of all students entenng the Umveisity of California The 
histories were taken by nurses, by members of the department of phys- 
ical education or by older women to whom careful instructions weie 
gnen The eyes were examined by an oculist, otorhmologic exami- 
nations were made by specialists in that field , the teeth were examined 
by the dentists of the health sen ice staff, and the general physical exami- 
nations were made by physicians Fortunately, three of the examining 
physicians ha\ e formed the nucleus of the examining staff for the last 
ten years, thus maintaining a uniformity of standard It is also fortu- 

' Submitted for publication, July 29, 1930 
Aided by a grant from the Research Board of the University of California 

1 Collins, S D , and Sydenstricker, E An Epidemiological and Statistical 
Study of Tonsillitis, Pub Health Bull , 1927, p 175 

2 Tonsillectomy in the United States, editorial, J A. M A 91 1195 (Oct 20) 
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nate that the same peison has lemained the chief of the nose and thioat 
department for this penod Most of the examinations on the nose and 
throat, however, were made by his associates The measurements of 
height, weight, capacity of the chest, estimation of posture and the condi- 
tion of the feet weie made b} members of the department of physical 
education 3 To make possible the tabulation of all histories and physical 
observations, the mfoimation on the entiance examination cauls was 
tiansfened to punch cards 

The present study is based on the examinations of 14,000 women 
students entering the Unrversit} during the last ten yeais It was 
thought best to confine the study to )Oung white women, so cauls 
of oriental and colored students, of peisons over 35 yeais of age and 
of those on whom important mfoimation w^as lacking w^eie rejected 
leaving 12,530 to be caiefully consideied 

Table 1 — The Condition of the Tonsils m Relation to Age Incidence 



13 19 A ears 

20 24 Ye irs 

25 34 Years 13 34 A ears 

Condition of / 



f 

\ 

t 

^ t 


Tonsils 

Is umber 

Per Cent 

Number 

Per Cent 

Number 

Per Cent Number Per Cent 

format 

2,503 

32 23 

1,146 

36 43 

474 

S3 24 4.1S5 

33 39 

Absent 

2,75(5 

34 03 

914 

29 03 

404 

32 54 4,134 

32 90 

Pathologic 

1.S20 

22 94 

70S 

22 50 

302 

21 IS 2.S30 

22 00 

Remnants 

197 

2 4S 

93 

3 02 

37 

2 59 329 

2 02 

Buried or projecting 

014 

7 72 

2S3 

9 00 

149 

10 49 1,040 

S 33 

Total 

7,93S 

100 00 

3,140 

100 00 

1,426 

100 04 12,530 

100 01 


Accuiacy of the Obseivations and Method — The accuracy of the 
original history may well be challenged and no doubt sufteis as a result 
of the haste and excitement of the occasion and through the faulty 
memones of the students To obtain some idea of the extent of the 
erroi from this source, histones were taken a second time fiom 250 
students wfiien they weie at ease and had an abundance of time for 
reflection Entiance and second histories agreed in incidence of disease 
m from 85 to 90 per cent of cases, and as to the age of hating the 
disease, to within one year, in fiom 65 to 85 per cent of cases The 
agreement between the two histones foi such indefinite items as the 
occurrence of headache, dischaigmg ears, common colds, constipation, 
etc, tvas less, and was piobabh influenced by lecent experiences The 
physical examinations and measurements made at the time of entrance 
to the University were taken seriously by those who performed and 
recoided them, and piobably are fully as accurate as the recoids of 
examinations for the army or for msuiance 

The cards weie punched in an electrically driven machine with a 
numbered keyboard With practice, a caieful operator makes few 

3 A study of the ph\sical obseriations of those with normal, absent and 
pathologic tonsils is in progress 
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mistakes, and many of these aie quickly disco\eied in the piocess ot 
soi ting and tabulating The laigest numbei of eriois discovered for 
one hole was 18 m 12,530 cards, or an enoi of 0 14 pei cent A laigei 
numbei maj^ have occurred where they could not be detected, but this 
does not seem probable Soiting and tabulating in well adjusted 
machines should be 100 per cent accurate 

Studies were made (1) of all caids, accoidmg to the condition of 
the tonsils, foi significant facts in the histoiy and ph)sical examination, 
(2) of the same facts according to the age gioups from 15 to 19, 
f lorn 20 to 24 and from 25 to 34 )eais, (3) of the gioup in which 
the tonsils were absent for the same facts accoidmg to the age groups 
and as i elated to the age of the patient when the tonsils weie removed 

RELATION or THE CONDITION OF THE TONSILS TO THE INTECTIOLS 

DISEASES OF CHILDHOOD 

Little has appeared m medical hteiatuie to show the relationship 
between the condition of the tonsils and the incidence of the infectious 
diseases of childhood In a recent government bulletin, Collins 1 
lepoited data on measles, mumps, whooping cough, chickenpox, scailet 
fever and diphthena in the childien of Hagerstown, Md , and found 
that “in geneial, the rates are lowest for the normal, slightly lnghei 
foi the defective, but consideiably higher for the lemoved group ” 
Zahoisky 4 thought that his obsei vations showed that the child beginning 
his school life without tonsils is m greatei danger of acute disease than 
the child who still has them Hertz 5 obsei ved 1,185 school children 
over a penod of time and found those with hypertiophied tonsils not 
any moie likely to contract diseases than other children Crowe, 
Watkins and Rotholz 6 pointed out the fact that the tonsils are not the 
only poital of entry and that oiganisms pass readily through the 
mucous membrane of the nose and phaiynx 

Michailovitz, 7 of Russia, collected data on 1,500 children from 1 to 
17 yeais of age and stated “The entire absence of scarlet fever among 
children whose tonsils and adenoids had been removed, and the appear- 
ance of scarlet fever among those who had not undergone removal of 
them, justifies the conclusion that the removal of hypertrophic tonsils 

4 Zahorsky Tonsillectomy in the Young Child, Interstate M J 26 67, 1919 

5 Hertz, P Tonsillenhypertrophie bei Schulkindern, Zentralbl f Hals-, 
Nasen- u Ohrenh 12 180, 1928 

6 Crowe, S J , Watkins, S S , and Rothholz, A S Relation of Tonsil 
and Nasopharyngeal Infection to General Systemic Disorders, Bull Johns Hopkins 
Hosp 28 1, 1917 

7 Michailovitz, N Materiahen zum Tonsillarproblem Zentralbl f Hals-, 
Nasen- u Ohrenh 13 147, 1928-1929 
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and adenoids loweis receptivity foi scarlet fever” Joidanoi, 8 of 
Munich, employed the data available in the Umveisity and two medical 
clinics to solve the question as to whethei 01 not those who have undei- 
gone a tonsillectomy are still subject to scailet fevei Of 362 for whom 
a questionnan e was returned, 12, 01 3 31 per cent, had had scailet fever 
m spite of tonsillectomy In S of the 12, remnants of tonsil tissue 
lemained In 3 of the 12 cases scailet fever occurred within a penod 
of 3 weeks after opeiation and may have been of a tiaumatic natuie 
Of 110 patients with scarlet fever only 1 had been opeiated on for 
lemoval of the tonsils , since the disease followed the operation piomptly, 
it may also have been traumatic scarlet fever Zikow sky, 9 of Vienna, 
found that among 1,013 patients with scarlet fever onl) 23 had previ- 
ously undergone a tonsillectomy Whether this was due to the fact 
that persons whose tonsils have been lemoved aie less susceptible to 
infection with scarlet fever or to the circumstance that only a small 
percentage of the population of Vienna undergo tonsillectonn could not 
be ascertained He consideied the tonsils, howevei, as a portal of 
entry for scailet fever, and as a storage room of the mi us dui mg the 
disease In Kaiser’s 10 stud}'- of 1,200 tonsillectonuzed childien, the 
opeiation was not observed to pi event measles or scailet fevei, but may 
have lightened the severity of the disease , it seemed, however, to lessen 
the incidence of diphtheria In his later publication, 11 he stated that 
7 6 per cent of the children whose tonsils had been lemoved contracted 
scailet fevei, as against 16 per cent of the control group with tonsils 
He thought that children whose tonsils had been lemoved and m whom 
scarlet fever developed showed consideiably less valvular disease of the 
heart than those with tonsils who conti acted scailet fevei Bloom- 
field 12 undertook a statistical study of the tnad, scarlet fevei, folhculai 
tonsillitis and er}sipelas, on the basis of 498 questionnanes He noted 
that there is a significant, positive association between the susceptibility 
to acute follicular tonsillitis and to scailet fever, but that theie is no 
significant association between the susceptibility to tonsillitis and to 
diphthena, or between the susceptibility to scarlet fevei and to diph- 
theria Doull 18 reported obsenations on 5,000 white childien from 

8 Jordanof K Gaumentonsillen und Scharlaclnnfektion, Munclien med 
Wchnschr 75 2172 (Dec 21) 1928 

9 Zikow sky T Tonsillek tonne und Scharlach, Wien klin Wchnschr 42 

37 (Jan 10) 1929 

10 Kaiser, A D Incidence of Infection in Tonsillectonuzed Childien, New 
York State J Med 25 469 (March 20) 1925 

11 Kaiser, A D Incidence of Rheumatism, Chorea and Heart Disease in 
Tonsillectomized Children, J A M A 89 2239 (Dec 31) 1927 

12 Bloomfield, A L Association of Susceptibility to Scarlet Fevei and 
Acute Tonsillitis, California & West Med 28 477, 192S 

13 Doull, J A Relationship of Tonsillectomv to Occurrence of Scarlet Fever 
and Diphtheria, Pub Health Rep 39 1833 (Aug 1) 1924 
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5 to 14 yeais of age, 15 pei cent of whom had had then tonsils iemo\ed 
The observations justified the conclusion that, m the aiea studied, chil- 
dren whose tonsils had been removed weie distinctly less liable to 
diphtheria, wheieas m seal let fever, no significant difteience was shown 
Place, 14 who removed tonsils in 122 cases of scailet fe\ei between the 
second and the twenty-foui th day of illness, consideied tonsillectomy 
and adenoidectomy as valuable means of shortening the contagiousness 
of scarlet fever and diphthena in suitable cases, and that there is leason 

Table 2 — The Incidence of Illness as Related to the Condition of the Tonsils 


Normal 

A 

Absent 

Patbo 

logic 

_ A- 

Remnants 

A 

Buried or 
Projecting 

A 

Tot'll 

K 

t 1 

Per 
No Cent 

t A — — i 

Per 
No Cent 

r 1 

Per 
No Cent 

Per 
No Cent 

t 

Per 
No Cent 

{ \ 
Per 
No Cent 


Measles 

3,622 

86 59 

3,785 

91 56 

2,478 

S7 3S 

300 

91 IS 

924 

8S37 

11,109 

SS 66 

Mumps 

1,959 

46 85 

2,192 

53 02 

1,376 

48 51 

191 

5S05 

517 

49 43 

6,235 

49 76 

Chickenpox 

2,474 

59 14 

2,080 

64 S3 

1,729 

60 97 

212 

64 44 

625 

59 75 

7,720 

61 61 

Whooping cough 

2,692 

64 30 

2,S17 

6S 14 

1,810 

64 03 

225 

68 39 

686 

65 5S 

S,206 

65 73 

Scarlet fever 

567 

13 55 

05S 

15 92 

oso 

13 40 

44 

13 37 

134 

12 SI 

1,783 

14 21 

Typhoid fever 

ICS 

4 02 

164 

3 97 

120 

4 23 

12 

3 65 

55 

5 26 

519 

4 14 

Diphtheria 

245 

5 S6 

322 

7 79 

154 

5 43 

19 

5 78 

72 

6 88 

812 

0 48 

Malaria 

159 

3 80 

18S 

4 55 

123 

4 34 

13 

3 95 

00 

5 74 

543 

4 33 

Smallpox 

165 

3 94 

139 

3 30 

121 

4 27 

13 

3 95 

4S 

4 59 

4SG 

3 88 

Erysipelas 

16 

0 IS 

30 

0 72 

15 

0 53 

2 

0 00 

1 

0 01 

64 

0 51 

Pneumonia 

432 

10 32 

533 

12 89 

264 

9 31 

41 

12 46 

10S 

10 32 

1,378 

11 00 

Pleurisy 

115 

2 74 

174 

4 21 

7S 

2 75 

0 

1S2 

23 

2 20 

396 

3 16 

Chrome colds 

219 

5 23 

293 

7 09 

133 

4 69 

13 

3 95 

61 

5 83 

719 

5 74 

Asthma 

19 

0 45 

GO 

1 45 

23 

0S1 

4 

1 22 

7 

0 67 

113 

0 90 

Hay fever 

122 

2 92 

230 

5 50 

93 

3 2S 

17 

5 17 

14 

134 

470 

3 SO 

Influenza 

1,500 

35 84 

2,193 

53 05 

1,179 

41 57 

172 

52 28 

415 

39 67 

5,459 

43 57 

Rheumatism 

126 

3 01 

2S9 

6 99 

S5 

3 00 

IS 

5 47 

41 

3 92 

559 

4 46 

Tonsillitis 

915 

21 86 

1,50S 

36 4S 

093 

24 44 

115 

34 95 

244 

23 33 

3,475 

27 73 

Chorea 

16 

0 2S 

3S 

0 92 

13 

0 46 

2 

0 61 

2 

019 

71 

0 57 

Otitis media 

163 

3 89 

255 

617 

07 

2 36 

15 

4 56 

36 

3 44 

536 

4 28 

Boils 

266 

6 30 

290 

7 01 

201 

7 09 

13 

3 95 

74 

7 07 

844 

6 74 

Constipation 

33S 

8 07 

419 

10 14 

231 

8 14 

32 

9 73 

114 

10 90 

1,134 

9 05 

Appendicitis (with 
out operation) 

156 

3 72 

270 

G 53 

93 

328 

16 

4S6 

33 

315 

56S 

4 52 

Jaundice 

106 

2 53 

127 

3 07 

73 

2 57 

0 

1 82 

30 

2 87 

342 

2 73 

Nephritis 

5 

0 01 

9 

0 02 

1 

0 00 

2 

0 60 

1 

0 10 

18 

0 14 

Headache 

469 

11 20 

587 

14 20 

3G4 

12 83 

51 

15 50 

142 

13 5S 

1,613 

12 87 

Neurasthenia 

92 

2 19 

S7 

2 10 

31 

1 09 

3 

0 91 

20 

1 91 

233 

1S6 

Neuritis 

22 

0 52 

03 

152 

23 

0 81 

0 

1S2 

9 

0 86 

123 

0 9S 

Insomnia 

44 

104 

57 

1 SS 

20 

0 71 

o 

O 

0 91 

9 

OSO 

133 

106 

Tuberculosis 

28 

0 07 

48 

1 16 

14 

0 49 

3 

0 91 

4 

OSS 

97 

0 77 

Total 

4,183 


4,134 


2,830 


329 


1,046 


12,530 



to believe that eaily operations m scailet feier tend to reduce the danger 
of complications Soto, 15 of Spam, lepoited that diphthena occuis m 
much milder form m those whose tonsils have been removed Stam- 
berger, 10 of Hungary, followed 100 tonsillectomized patients for from 
one-half to 3 years aftei the operation, and came to the conclusion that 
the tendency to scarlet fever and measles remained stationaiy, but that the 


14 Place, E H Tonsillectomy in the Contagious Diseases, Boston M & S 
J 187 434 (Sept 21) 1922 

15 Soto, E F Indikationen und Kontramdikationen der Mandelexstirpation, 
Zentralbl f Hals-, Nasen- u Ohrenh 5 43 1924 

16 Stamberger, I Ueber die Tonsillenfrage auf Grund von 700 Tonsillekto- 
mien, Zentralbl f Hals-, Nasen- u Ohrenh 10 386, 1927 
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tendency to diphthena deci eased Schick and Toppei 17 found that 
from 60 to 80 pei cent of 100 children gave a positive Schick reaction 
before lemoval of the tonsils, and that six months after tonsillectomy 
onl) 18 per cent gave a positive leaction On the basis of these obser- 
vations they recommended tonsillectomy instead of immunization with 
toxin-antitoxin for childien with diseased tonsils who are sensitive to 
horse serum, testing children who have been tonsillectomized six months 
or more previously before giving toxm-antitoxm 

In the present study young women with noimal and with pathologic 
tonsils had had about the same peicentage incidence of measles, mumps 
chickenpox, whooping cough, scarlet fevei and diphthena (table 2 and 



U'AjLLS ViHO ?l IG CPU u CHIP- tU POX JUMPS IN UIENZA -ONJIUTIa SCMUT FEVER PlfKTHtMA 


Chart 1 — Incidence of measles, whooping cough, chickenpox mumps, influenza 
tonsillitis, scarlet fever and diphtheria, bv groups Scale indicates per cent In 
this and chart 2 the black column indicates the group with normal tonsils, the 
next column those whose tonsils had been removed, and the third column those 
with pathologic tonsils 

chait 1) In no instance was the difteience between percentages 
statisticall} significant (i e, three times the standaid enoi of differ- 
ence 18 ) (table 3) Those whose tonsils had been removed gave his- 
tories showing a higher percentage of all illnesses than did those with 

17 Schick, B , and Topper, A The Effect of Tonsillectomv on Diphtheria 
Immunitv Am J Dis Child 38 929 (Nov ) 1929 

18 The formula used was 

Standard error of / (% of A) goo — <~ P 0 f A! , (% of B) QOO — % of B) 
difference — \ Xumber of 1 ~ Number of B 

(Yule Theory of Statistics, ed 9, p 269) 
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noimal, 01 those with pathologic tonsils (table 2 and chait 1) The 
diffeiences m percentages were consistent and significant foi all of the 
mtectious diseases of childhood (table 4) 

Table 3' — Standaid Enois of Diffcicnce in Pciccntage Incidence of Disease and 
Opciations in the Gioups with Noimal and with Pathologic Tonsils 



Tonsils 

Tonsils 


Standard 


Normal, 

Pathologic, 

Difference, 

Error of 

D.sease or Operation 

per Cent 

per Cent 

per Cent 

Difference 

Measles 

S6 59 

87 3S 

0 79 

-4-0 82 

Mumps 

40 85 

4S 51 

1 06 

-4-1 21 

Chichcnpox 

59 14 

60 97 

1 83 

-4-1 91 

Whooping cough 

64 36 

64 03 

0 33 

-l-l 16 

Scarlet fever 

13 55 

13 40 

0 15 

+0 S3 

Diphtheria 

5S6 

5 43 

0 43 

-+-0 56 

Pneumonia 

10 32 

9 31 

1 01 

-4-0 72 

Common cold® 

5 23 

4 69 

0 54 

-4-0 53 

Influenza 

35 84 

41 57 

5 73* 

-i-l 18 

Rheumatism 

3 01 

3 00 

0 01 

+0 42 

Tonsillitis 

21 S6 

24 44 

2 58 

-4-1 02 

Chorea 

0 28 

0 40 

018 

-4-0 15 

Otitis media 

3 89 

2 36 

1 53* 

-4-0 41 

History of cardiac disease 

3 23 

3 02 

0 21 

-4-0 43 

Damage to mitral \ alve 

2 05 

3 42 

1 37 

-4-0 41 

Damage to aortic i ah e 

0 54 

0 83 

0 29 

-1-0 20 

Appendectomy 

4 73 

4 48 

0 25 

-l-O 51 

Nasal operation 

2 03 

1 23 

0 80 

-4-0 30 

Operation on cervical glands 

0 57 

0 99 

0 42 

-4-0 22 

Mastoid operation 

0 76 

0 71 

0 05 

±0 21 

Miscellaneous operations 

4 7S 

3 45 

1 33 

~~f-Q 47 


* The diflerence in these percentages is more than three times the standard error and is 
therefore statistically significant 


Table 4 — Standaid Enoi of Diffeicnce in Peiccntage Incidence of Disease and 
Opciation in the Gioups with Noimal and with Absent Tonsils 



Tonsils 

Tonsils 


Standard 


Normal, 

Absent, 

Difference, 

Error of 

Disease or Operation 

per Cent 

per Cent 

per Cent 

Difference 

Measles 

86 59 

91 56 

4 97* 

-4-0 6S 

Mumps 

46 85 

53 02 

6 17* 

-4-1 3S 

Chick enpox 

5914 

64 83 

5 69* 

-1-1 06 

M hooping cough 

64 36 

68 14 

3 78* 

-4-1 03 

Scarlet fever 

13 55 

15 92 

2 37* 

-4-0 77 

Diphtheria 

5 86 

7 79 

193* 

-4-0 55 

Pneumonia 

10 32 

12 89 

2 57* 

-4-0 70 

Common colds 

5 23 

7 09 

1 86* 

-l-O 53 

TnAuenza 

35 84 

53 05 

17 21* 

-4-1 07 

Rheumatism 

3 01 

6 99 

3 98* 

-4-0 4S 

Tonsillitis 

21 86 

36 48 

14 62* 

-4-0 98 

Chorea 

0 28 

0 92 

0 64* 

-4-0 17 

Otitis media 

3 89 

617 

2 28* 

-4-0 4S 

History of cardiac disease 

3 23 

510 

187* 

-4-0 44 

Damage to mitral vahe 

2 05 

3 45 

1 40* 

-4-0 36 

Damage to aortic i ah e 

0 54 

0 25 

0 29 

-4-0 26 

Appendectomy 

4 73 

10 14 

5 41* 

-4-0 57 

Nasal operation 

2 03 

4 67 

2 64* 

-M)39 

Operation on cervical glands 

0 57 

1 79 

1 22* 

-4-0 24 

Mastoid operation 

0 76 

1 96 

1 20* 

-4-0 25 

Miscellaneous operations 

4 78 

10 37 

5 59* 

-t-0 32 


r The difference In these percentages is more than tlnee times the standard error and is 
therefore statistical!} significant 


Scai let fever and diphtheria (table 2 and chart 1) show much the 
same relationship in frequency m the three groups as do the less serious 
infectious diseases of childhood, since those whose tonsils had been 
lemoved had a significantly higher incidence of infection with scarlet 
fevei and diphthena than those with noimal tonsils (tables 3 and 4) 
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From a stud} of those with absent tonsils, by age gioups and with 
1 elation to the age when the tonsils weie iemo\ed evidence seems 
apparent that the removal of tonsils deci eases the incidence of scailet 
fever With the exception of those having then tonsils i emo\ ed before 
5 years of age in the gioup from 15 to 19 yeais of age, the earhei the 
tonsils were lemoved, the less the total amount of scailet fever leported 
(tables 5, 6 and 7 and chait 5) Similar results w^eie not found foi 
measles, mumps, chickenpox oi wdioopmg cough, but are found with 
minor variations and m less degree foi diphthena It was not found 
possible to l elate these obseuations to those of other investigators, as 
data for comparison is limited and as many vanations must be taken 
into account Foi instance, records of infections cannot he compared 
with histones of infections, for obvious leasons Incidence of mfec- 



Chart 2 — Incidence of pneumonia, chronic colds, otitis media, rheumatism, 
pleurisy, neuritis, tuberculosis and choiea, by groups Scale indicates per cent 


tion in thickl} populated places cannot be taken as a standaid for 
incidence m places moie sparsely populated The peicentages of those 
having had infectious diseases consideied by ages in this study ate, on 
the whole, less than percentages stated by Collins 10 foi the same ages 
and diseases m Eastern and Middle Western aieas 

A reasonable explanation of the higher incidence of infectious dis- 
ease m the group operated on is that the child who is often ill is finally 
operated on The higher incidence of illness would be the indication for 
a tonsillectomy, lathei than the absence of tonsils the cause of more 
frequent infections The histoiy of infectious diseases cannot, however, 
be an influential factoi m the removal of tonsils of teiy young clul- 
dien, since among' those wdiose tonsils w r eie removed befoie the age of 

19 Collins, S D Age Incidence of the Common Communicable Diseases of 
Children, Pub Health Bull 44 763 (April 5) 1929 





Table S — The Incidence of Disease Befoie and Aftci Tonsillectomy in the Gioup Aged fiom 15 to 19 Ycais as Related to Age of Removal 
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Table 6 — The Incidence of Disease Defou and AfUi 7 onsillcctomy m the Gioup Aged fiom 20 to 24 Yeats as Related to the Age of Removal 
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Table 7 — The Incidence of Disease Bcfotc and Aftci Tonsillectomy m the Gioup Aged fiom 25 to 34 Yeais as Related to the Age of Removal 
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Txble S — No) mal Tonsils Histoiy of Illness by Age Gioups 



15 19 Yeeis 

20 24 Nears 

25 34 Years 

15 34 Years 






( A_ 











Num 



Num 

Per 

Num 

Per 

Num 

Per 

Per 


her 

Cent 

her 

Cent 

her 

Cent 

her 

Cent 

Measles 

2, ICS 

84 52 

1,023 

89 27 

431 

90 93 

3,622 

86 59 

Mumps 

1,117 

43 55 

571 

49 82 

271 

57 17 

1,959 

4G 85 

Chiclienpox 

1,501 

5S 04 

682 

59 51 

288 

60 76 

2,474 

5914 

M hooping cough 

1,012 

04 02 

740 

64 57 

310 

65 40 

2,692 

64 36 

Scarlet fer er 

284 

11 07 

179 

15 62 

104 

21 94 

567 

13 55 

Typhoid fever 

70 

2 73 

61 

5 32 

37 

7 81 

168 

4 02 

Diphtheria 

122 

4 76 

84 

7 33 

39 

8 23 

245 

5 86 

Malaria 

87 

3 39 

49 

4 28 

23 

4 85 

159 

3 80 

Smallpox 

82 

120 

00 

5 24 

23 

4 85 

165 

3 94 

Erysipelas 

9 

0 35 

2 

017 

5 

1 05 

16 

0 38 

Pneumonia 

23S 

9 28 

129 

11 25 

65 

13 71 

432 

10 32 

Pleurisy 

47 

1 83 

32 

2 79 

36 

7 59 

115 

2 74 

Chronic colds 

125 

4 87 

67 

5 85 

27 

5 70 

219 

5 23 

Asthma 

9 

0 35 

0 

0 52 

4 

0 84 

19 

0 45 

Hay fever 

63 

2 46 

3S 

3 32 

21 

4 43 

122 

2 92 

Influenza 

891 

34 73 

422 

36 82 

187 

39 45 

1,500 

35 84 

Rheumatism 

GS 

2 65 

38 

3 32 

20 

4 22 

126 

3 01 

Tonsillitis 

495 

19 30 

289 

25 22 

131 

27 64 

915 

21 SC 

Chorea 

9 

0 35 

3 

0 26 

4 

0 84 

16 

0 28 

Otitis media 

93 

3 62 

4S 

4 19 

22 

4 64 

163 

3 89 

Boils 

16S 

6 55 

64 

5 58 

34 

717 

266 

6 36 

Constipation 

159 

0 20 

107 

9 34 

72 

1519 

338 

8 07 

Appendicitis 

73 

2S5 

5S 

5 06 

25 

5 27 

156 

3 72 

Jaundice 

54 

2 11 

30 

2 62 

22 

4 64 

106 

253 

Nephritis 

4 

0 16 

1 

0 09 

0 

0 00 

5 

0 01 

Headaches 

292 

11 38 

127 

11 OS 

50 

10 55 

469 

1120 

Neurasthenia 

37 

1 44 

29 

2 53 

26 

5 48 

92 

219 

Neuritis 

7 

0 27 

0 

0 52 

9 

1 90 

22 

0 52 

Insomnia 

11 

0 43 

20 

1 74 

13 

2 74 

44 

1 04 

Tuberculosis 

10 

0 39 

9 

0 7S 

9 

1 90 

2S 

0 67 

Total 

2,505 


1,146 


474 


4,185 



T 4ble 9 — 4bscnt 

Tonsils 

Histoiy of Illness by 

Age Gioups 



15 19 Years 

20 24 Nears 

25 34 Years 

15 34 Years 


Num 

Per 

Num 

Per 

Num 

Per 

Num 

Per 


ber 

Cent 

ber 

Cent 

ber 

Cent 

ber 

Cent 

Measles 

2,529 

91 76 

832 

91 03 

424 

91 3S 

3,7S5 

91 56 

Mumps 

1,412 

51 23 

513 

5613 

267 

57 54 

2,192 

53 02 

Chichenpox 

1,819 

66 00 

56S 

6214 

293 

03 15 

2,6S0 

64 83 

Whooping cough 

1,901 

6S9S 

625 

88 3S 

291 

62 72 

2,817 

6814 

Scarlet fever 

377 

13 68 

161 

17 61 

120 

25 86 

65S 

15 92 

Typhoid fever 

71 

2 5S 

44 

4 81 

49 

10 56 

164 

3 97 

Diphtheria 

171 

0 20 

101 

11 05 

50 

10 78 

322 

7 79 

Malaria 

123 

4 46 

37 

4 05 

28 

6 03 

188 

4 55 

Smallpox 

69 

2 50 

42 

4 60 

28 

6 03 

139 

3 36 

Erysipelas 

IS 

0 65 

7 

0 76 

5 

1 OS 

30 

0 72 

Pneumonia 

340 

12 34 

124 

13 57 

69 

14 87 

533 

12 89 

Pleurisy 

S9 

3 23 

44 

4 81 

41 

8 84 

174 

4 21 

Chronic colds 

17S 

6 40 

6S 

7 44 

47 

10 13 

293 

7 09 

Asthma 

39 

1 42 

15 

1 64 

6 

1 29 

60 

1 45 

Hay fever 

a oo 

loo 

4 82 

73 

7 99 

24 

5 17 

230 

5 56 

Influenza 

1,4S6 

53 92 

460 

50 33 

247 

53 23 

2,193 

53 05 

Rheumatism 

112 

4 06 

GO 

6 56 

46 

9 91 

289 

6 99 

Tonsillitis 

893 

32 40 

3SS 

42 45 

227 

4S92 

1,50S 

36 48 

Chorea 

23 

0 83 

13 

1 42 

2 

0 43 

38 

0 92 

Otitis media 

104 

5 95 

59 

6 46 

32 

6 90 

255 

617 

Boils 

191 

6 93 

5S 

6 34 

41 

8 84 

290 

7 01 

Constipation 

219 

7 95 

119 

1312 

81 

17 46 

419 

10 14 

Appendicitis 

119 

5 77 

CS 

7 44 

43 

9 27 

270 

6 53 

Jaundice 

< J 

2 72 

31 

3 39 

21 

4 52 

127 

3 07 

Nephritis 

4 

014 

2 

0 22 

3 


9 

0 02 

Headaches 

390 

14 37 

12S 

14 00 

63 

13 58 

5S7 

14 20 

Neurasthenia 

43 

1 56 

26 

2 84 

18 

3 88 

87 

210 

Neuritis 

24 

0 87 

20 

2 19 

19 

4 09 

63 

1 52 

Insomnia 

IS 

0 65 

19 

2 OS 

20 

4 31 

57 

1 3S 

Tuberculosis 

24 

0S7 

11 

120 

13 

2 80 

48 

116 

Total 

2,756 


914 


464 


4,134 
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5 } ears in the gioup fiom 15 to 19 }eais of age (tables 5 6 and 7 and 
chart 5), considerably mote than 50 per cent had not had measles, 
mumps, chickenpox oi whooping cough before operation When the 
factors of age and epidemic c)des are taken into account as much as 
is possible b) considering the peisons in age groups, the same general 
gi eater incidence of infectious disease m the absent tonsil group is 
appaient (tables 8, 9 and 10 and chart 3) A stud) of whethei the 
infection pieceded or followed the tonsillectomy should pro\e helpful, 


Table 10 — Pathologic Tonsils Histoiy of Illness by Age Gioups 



15 19 years 

20 24 Tears 
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Measles 

1,570 

SO 31 

631 

8912 

271 

SS 74 

2,478 

87 3S 

Mumps 

S55 

40 S2 

361 

50 99 

160 

52 9S 

1,376 

48 51 

Chickenpox 

1,124 

61 56 

424 

59 89 

181 

59 93 

1,729 

60 97 

Whooping cough 

1,162 

63 64 

470 

66 38 

184 

GO 93 

1,816 

64 03 

Scarlet fever 

215 

11 77 

111 

15 68 

54 

17 88 

3S0 

13 40 

Typhoid fever 

55 

3 01 

30 

4 24 

35 

11 59 

120 

4 23 

Diphtheria 

97 

5 31 

40 

5 65 

17 

5 63 

154 

5 43 

Malaria 

76 

4 1G 

23 

3 25 

24 

7 95 

123 

4 34 

Smallpox 

70 

3 83 

32 

4 52 

19 

6 29 

121 

4 27 

Erysipelas 

7 

0 3S 

4 

0 56 

4 

132 

15 

0 53 

Pneumonia 

150 

S 54 

71 

10 03 

37 

12 25 

264 

9 31 

Pleurisy 

40 

2 19 

20 

2 82 

IS 

5 96 

78 

2 75 

Chronic colds 

72 

3 94 

42 

5 93 

19 

6 29 

133 

4 69 

Asthma 

16 

OSS 

0 

0 85 

1 

0 33 

23 

0 81 

Hay fever 

5S 

318 

25 

3 53 

10 

3 31 

93 

328 

Influenza 

750 

41 07 

305 

43 OS 

124 

41 06 

1,179 

4157 

Rheumatism 

47 

2 57 

25 

3 53 

13 

4 30 

85 

3 00 

Tonsillitis 

437 

23 93 

174 

24 5S 

82 

27 15 

693 

24 44 

Chorea 

5 

0 27 

6 

0 85 

2 

0 66 

13 

0 46 

Otitis media 

34 

186 

23 

3 25 

10 

3 31 

67 

2 36 

Boils 

127 

6 96 

50 

7 06 

24 

7 95 

201 

7 09 

Constipation 

129 

7 06 

64 

9 04 

38 

12 58 

231 

814 

Appendicitis 

50 

2 74 

2S 

3 94 

15 

4 97 

93 

328 

Jaundice 

42 

2 30 

17 

2 40 

14 

4 64 

73 

2 57 

Xephntis 

1 

0 05 

0 

0 00 

0 

0 00 

1 

0 04 

Headaches 

241 

13 20 

ss 

12 43 

35 

11 59 

364 

12 83 

Neurasthenia 

12 

0 6G 

11 

1 55 

8 

2 65 

31 

109 

Neuritis 

12 

0 6G 

6 

0 85 

5 

1 66 

23 

0 81 

Insomnia 

2 

0 11 

5 

0 71 

13 

4 30 

20 

0 71 

Tuberculosis 

5 

0 27 

6 

0 85 

3 

0 99 

14 

0 49 

Total 

1,S2G 


70S 


302 


2,836 



but fails in much of its puipose, as no figures have been found with 
which satis factory comparisons can be made, despite the abundant 
information of the recent government report 19 on the age incidence of 
communicable diseases 

There seems to be no geneial agreement as yet as to the effect of the 
condition of the tonsils on the incidence of the infectious diseases of 
childhood The literatuie is contradictory and confusing If the expla- 
nation that the child who is often ill ultimately has his tonsils removed 
is accepted for the slightly higher percentages of all illnesses in the 
gi oup with absent tonsils, the present stfidy does not necessarily indicate 
an interdependent relationship between the condition of the tonsils and 
the percentage of incidence of measles, mumps, whooping cough and 
chickenpox Howe\ er, there seems to be a slightly beneficial effect of 
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Chart 3 — Incidence of infectious diseases according to age and the condition 
of the tonsils In this and chart 4, A indicates the group from 15 to 19 years 
(2,565 with normal tonsils, 2,756 whose tonsils had been removed and 1,826 with 
pathologic tonsils) , B, those from 20 to 24 years (1,146 with normal tonsils, 914 
whose tonsils had been remo\ed and 708 with pathologic tonsils), C, those from 
25 to 34 jears (476 with normal tonsils, 464 whose tonsils had been removed and 
302 with pathologic tonsils) 
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eaily tonsillectomy on the susceptibiht) to scailet fevei and to diphthena 
The last mentioned point needs confiimation from largei gioups of 
subjects before its final acceptance 

RELATION TO DISEASES OE THE RESPIRATORY TRACT 

As a lesult of a questionnane study of 529 peisons who had had 
then tonsils lemovcd, Coakley and Piatt- 0 thought that a well pei- 
foimcd tonsillectomy and adenoidectomy caused a mailced lessening of 
the acute infections of the upper lespnatoiy tiact Soto 15 stated that 
tonsillectomi7cd childien aie less subject to catauhal 01 geneial infec- 
tions than children with tonsils Tieen 21 advocated the lemoval of 
tonsils foi “lecunent catairh of the nose and thioat ” Although 
Stokei 22 laised an objection to the removal of noimal tonsils, he advises 
then lemoval for chionic lhmitis oi sinusitis and foi lepeated colds and 
soie thi oats Pond 23 discussed the possibility of infected tonsils caus- 
ing sinusitis, and of sinusitis resulting m tonsillitis, and gave figures 
to show that “tonsillectomy in adults does cure a few infected sinuses, 
and nnpioves many” Kaisei 10 followed 1,200 children foi a penod of 
3 yeais aftei tonsillectomy, and found that the operation did not influ- 
ence infections of the laiynx, bionchi and lungs However, m a second 
aiticle, 11 contrasting the 1,200 childien operated on with 1,200 foi 
whom the opeiation was advised but not perfonned, he stated “Fre- 
quent head colds leheved in 75 pei cent of the cases offers a definite 
cause for the removal of tonsils and adenoids ” In reviewing histones 
of 12,000 colds in 5,000 Yale students, Smiley 24 stated “Since lemoval 
of nasal obstructions and diseased tonsils in more than half of those 
having ‘four or moie’ colds a year has not lesulted m a l eduction of 
the frequent colds, it seems fair to conclude that nasal obstructions and 
diseased tonsils aie not major factors in the majority of peisons suffer- 
ing with fiequent colds” Forsythe 25 found foi 537 “students of the 
Univeisity of Michigan who had had their tonsils lemoved 40 pei cent 
moie acute lespnatoiy infections than for those who have not been 

20 Coakley, C G, and Piatt, E L Analysis of the Systemic and Local 
Conditions Following Tonsillectomy and Adenoidectonw, Laryngoscope 32 82 
1922 

21 Treen, Jo7sef Ueber das Tonsillenpioblem und die Bakteneninvasion 
uebei die Luftwege, Zentralbl f Hals-, Nasen- u Ohrenh 12 180, 1928 

22 Stoker, Fred Tbe “Tonsil” Question, Lancet 2 1125 (Nov 26) 1927 

23 Pond, C W Some End Results of Tonsillectomy, with Special Reference 
to Sinus Infection in Adults, Laryngoscope 40 286, 1930 

24 Smiley, D F A Study of the Acute Infections of the Throat and Res- 
piratory System, J A M A 82 540 (Feb 16) 1924 

25 Forsythe, W E Iiealth Record of University Students as Related to 
Tonsillectomy, Pub Health Rep 43 560 (March 9) 1928 
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Chart 4 — Incidence of infections of the respiratory tract, according to age and 
the condition of the tonsils 
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favoied with the surgeon’s knife” Norsk 20 observed that when catch- 
ing a cold after a tonsillectomy patients seem to be subject to attacks 
of acute phaiyngitis, and he suspected that this tendency may ha\e 
been piesent before opeiation and its symptoms obscuied by the fat 
moic senous ones pertaining to tonsillitis 

Ihe incidence of pneumonia, pleunsy, chionic colds and tubeiculosis 
difteis only slightly in the noimal tonsil and pathologic tonsil groups, 
while their incidence is greater among those whose tonsils had been 
lemoved than among those of the otliei two groups (tables 2, 3 and 4 
and chart 2) Heie, as well as in the case of infectious diseases of child- 
hood, the obseivations remain consistent when considered by age gioups 
(tables 8, 9 and 10 and chart 4) Piobably the same explanation holds 
for the slightly gieatei fiequency of the history of lespiratoiy illness as 
for the greater frequency of infectious diseases in the absent tonsil 
group The child who is often ill is apt ultimately to be opeiated on 

The answer to the question, “Aie you subject to colds would, in 
most instances, be answered on the basis of recent experience and would 
seem to indicate that the removal of tonsils is not an entirely satisfactory 
method of preventing infections of the upper respiratory tract, since 7 09 
per cent of those whose tonsils had been removed gave a history of 
fiequent colds and only 5 23 per cent of those with normal tonsils and 
4 69 per cent of those with pathologic tonsils gave a similar history 
Accoidmg to these figures, there is little argument for removing patho- 
logic tonsils to lessen the incidence of the ordinary infections of the 
lespiratory tract, since the subjects with pathologic tonsils had fewest 
colds There is, however, more chance than reliability m the slight 
difference in percentages between those with normal, and those with 
pathologic tonsils 

In the literature there is much the same contradiction and confusion 
lelative to the effect of the condition of the tonsils on the occurrence of 
infection of the lespiratory tract as on the frequency of infectious dis- 
eases of childhood If the explanation that the child with many infec- 
tions of the lespnatoiy tract ultimately has his tonsils removed is 
accepted to account for the universally higher peicentage of infections 
of the lespiratoiy tiact m the group whose tonsils are absent than 
in the gioup with noimal tonsils or the gioup with pathologic tonsil, 
this study shows no significant relationship between the condition of 
the tonsils and the incidence of infections of the respiratory tiact 

Local infections of the tonsillar tissue, with or without peritonsillar 
abscess oi hypeiplasia of Waldeyer’s ring, interfering with deglutition 
or respnation, undoubtedly furnished the indication for operations on 

26 Norsk, Frans Ergebmsse der TonsilleKtomie bei Erwachsenen, Ztschr f 
Hals-, Nasen- u Ohrenh 2 294, 1922 




Chait 5 — Incidence of infections diseases before and aflei tonsillcctomj, 
according to age and the yeai when the tonsils weie lemoved In this and chait 
6, A indicates those whose tonsils were removed before 5 } r eais of age (176 in the 
15 to 19 age group, 22 in the 20 to 24 age group and 0 m the 25 to 34 age group) , 
B, those whose tonsils were remoied between 5 and 10 years of age (960 in the 
15 to 19 age group, 160 m the 20 to 24 age group and 7 m the 25 to 34 age group) , 
Cj those whose tonsils were removed between 10 and 15 years of age (925 in the 
15 to 19 age group, 213 in the 20 to 24 age group and 22 m the 25 to 34 age 

group) , D, those whose tonsils were removed after 15 years of age (387 in the 

15 to 19 age group, 414 in the 20 to 24 age group and 321 m the 25 to 34 age 

group) The asterisks indicate that the data were insufficient to justify graphic 

representation 
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the tonsils m early tunes That opeiation foi the ienio\al ot tonsillai 
tissue ranks with the oldest of operations and has been piacticed 
throughout the ages is evident by the fact that Hindu pin sicians 27 
advocated the lemoval of the tonsils as early as 1000 B C , advising that 
they be seized with foiceps and cut with a semicncular knife 
Hippociates advised opening tonsillar abscesses, but did not speak of 
lemoval of the tonsils Celsus probably initiated fingei dissection, as he 
suggested that tonsils that remain mduiated after inflammation be 
disengaged all around with the finger and pulled out Galen descnbed 
a snare for amputation, and some mention of the opeiation sounds as 
if it were an oidinaiy piactice of his day Petei Lowe, founder of the 
School of Medicine of Glasgow, published a book in 1634 in v Inch he 
described (1) opening tonsillar abscesses, (2) tracheotomy foi suffo- 
cation fiom enlaiged tonsils, (3) lemoval of tonsils by snare, (4) by 
cautery and (5) by pulling away with ci ossets 

Wiseman 28 described lemoval of the tonsils by making a ligature 
about their base and snipping them off with a pan of ciooked probe 
scissors 

The remarks of Samuel Sharp, 29 suigeon at Guy’s Hospital fiom 
1733 to 1757, on removal of the tonsils aie quaint and woithy of 
repetition, since they contain some elements of thought that hare long 
occupied the minds of physicians, and hint at others that aie under 
discussion at the piesent moment 

Besides there is no operation in surgery that, m my opinion, ought to give an 
operator so much encouragement It is neither dreadful in the doing nor melan- 
choly m the event The patient has always been restored to a perfect and 

lasting health 

The continued good success attending this operation is an answer to the com- 
mon objection that has formerly been made to it, and perhaps may still be an 
objection with some foreigners, that it must be dangerous to destroy a part by 
which nature has been accustomed to fling off any disorder of the constitution, 
left for want of a discharge, the humour continuing to (circulate) float m the 
blood, should produce a fever or some other ill habit of the body It was thought 
that the frequent accidental inflammation of scirrhous tonsils are not to be con- 
sidered as local disorders, but like the gout, a distemper in the constitution, 
which must be received on some one part for the good of the whole However, 
the absolute exemption from future inflammatorv disorders, m consequence of 
the operation, seems to demonstrate that the weakness of the part is the chief 
cause of the complaints 

Local infections of tonsillar tissue, with or without tonsillar abscess, 
continue to be listed and geneially accepted as indications foi iemo%al 

27 Molhson, W M Work of Samuel Sharp and His Predecessors on 
Function and Surgery of Tonsils, Guy’s Hosp Rep 78 93, 1928 

28 Wiseman, Richard Seierall Chirurgicall Treatises, ed 5 London, B 
Tooke, 1719 

29 Sharp, Samuel Critical Enquin into the Present State of Surgery, Lon- 
don, J & R Torsin 1750 
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ot the tonsils On this point theie seems to be little aigument when 
relief of the local condition is the object of the opeiation 

Almost 28 per cent of all students cntenng the Univeisity of Cali- 
fornia gave a history of having had tonsillitis (table 2) The difference 
between the percentage of those with normal tonsils giving a history of 
tonsillitis and those with pathologic tonsils giving a similai histoiy is 
less than might be expected Theie were 21 86 per cent of the former 
and 24 44 pei cent of the lattei, with a difference of only 2 58 pei cent 
± 1 02 The diffeience between the peicentage of those whose tonsils 
had been removed (36 48 per cent) and those with noimal tonsils 
(21 86 pei cent) giving a histoiy of tonsillitis is, m contrast, con- 
sideiable 14 62 pei cent ± 0 98 It is not suipnsing that those whose 
tonsils had been removed gave a histoiy of an attack of tonsillitis since 
the local inflammation of the tissue, especially if lecunent, is consideied 
by most physicians a definite indication foi its lemoval 

RELATIONS TO OTITIS MEDIA 

Many textbooks influential in shaping the opinions ot membeis of 
the medical piofession gue lecunent infections of the eai, oi chronic 
auial discharge as a definite indication for tonsillectomy Some lecom- 
mend the operation as a pi ophylactic measuie against otitis media 
Crowe, Watkins and Rothholz, 0 basing then conclusions on 1 000 cases 
of tonsillectomy at Johns Hopkins Hospital dui mg the 5 yeais pie- 
cedmg 1917, gave otitis media and eustachian salpingitis as indications 
for tonsillectomy Rojas, 30 of Spam found 44 pei cent of 4,266 school 
children with enlaiged tonsils and a diminution m hearing Eight 
months after tonsillectomy, only 12 per cent lemamed hard of heal mg 
Tieen, 21 of Hungary, advised tonsillectomy for lecurrent infection of 
the middle ear Van dei Hoeven, 31 of Holland, consideied that improve- 
ment occurred in 80 pei cent of 902 patients operated on for removal 
of the tonsils, including 42 patients with infection of the middle ear 
Kaiser 11 follow ed 1 ,200 children for 3 yeai s aftei tonsillectomy, and 
stated that the opeiation lessened the chances of a discharge fiom the 
ear Cummings 32 gate deafness m children and chronic aural dis- 
chaige as indications for tonsillectomy Love, 33 basing his judgment on 
4,000 patients operated on, considered both deafness and a discharge 

30 Rojas F A Mandellivpertrophie und Axlenoide in der Scbule, Zentralbl 
f Hals-, Nasen- u Ohrenh 12 755, 1928 

31 van dcr Hoeven, L T Bemerkungen ini Anschluss an 3,300 Halsopera- 
tionen bei Kindern Zentralbl f Hals-, Nasen- u Ohrenh 7 231 1925 

32 Cummings, G O Whv Remove Tonsils and Adenoids’ M J &. Rec 
128 201 (Sept 5) 1928 

33 Love T K Tonsillectomv in School Clinics, J Laruig & Otol 39 135, 
1924 
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fiom the middle eai as aiguments foi remo\al of the tonsils Wagus 
followed 247 patients aftei remotal of the tonsils, and m conclusion 
consideied auial discharge an indication foi opeiation Stokei,— 
although warning against needless opeiation, included suppuiation of 
the eais as an indication IngeisolP 5 lepoited on a suive\ of the 
school children of Rochestei, N Y, in which 23,000 of 58,000 weie 
listed as having maikedly hypeitiophied or badly infected tonsils slated 
for lemoval As a result of the campaign, 8,000 children between the 
ages of 2 and 16 had tonsils lemoved duiing a penod of 3 months 
Following the opeiations theie weie 30 cases of acute puiulent otitis 
media, none of which went on to mastoiditis Collins 1 found diseases of 
the ear lowest among children with noimal tonsils, highei among those 
with defective tonsils and highest among those whose tonsils had been 
lemoved Paton, 3G of England, in considenng the histones and obser- 
vations of 424 girls between the ages of 13 and 15 yeais found that 
children operated on not only are not benefited but, on the contrail, aie 
m worse condition and that lemoval of the tonsils and adenoids causes 
a moi e fiequent appeal ance of running eais than m the conti ol group 
Since otitis media is commonly consideied as an uigent indication 
foi the lemoval of tonsils, it is not suipnsing to find that a laige number 
of those whose tonsils were absent had a lnstor) of auial infection 
(table 2 and chart 2) No doubt, m many instances the auial infection 
pieceded the removal of the tonsils The piesence of pathologic tonsils 
does not seem to piedispose a patient to aural infection since those with 
noi mal tonsils had a significantly highei peicentage of otitis media than 
those with pathologic tonsils (tables 3 and 4) When one considers 
the number of cases of disease of the ear preceding and following 
tonsillectomy at vaiious ages (table 5), the aiguments m favor of 
removing the tonsils as a prophylaxis against auial infection aie 
not convincing In the gioup from 15 to 19 yeais of age the 
eailiei the tonsils were lemoved the higher was the total inci- 
dence of otitis media In the group fiom 20 to 24 years of age 
the l elation of the age of opeiation to the total numbei of cases of 
otitis media is leversed, the eai her the operation, the less the total 
involvement of the ear The fact that half the cases of aural infection 
followed, rather than preceded, tonsillectomy in the groups fiom 15 to 
19 and from 20 to 24, yeais of age when the tonsils were removed 

34 Wagers A J Study of Post-Tonsillectomized Indmduals, Laryngoscope 
31 310, 1929 

35 Ingersoll E S Surgical Study of 8,000 Tonsillectomies m Children Tr 
Sect Lanng, Otol & Rlnn , A M A, 1926, p 142 

36 Patou, T H P Tonsil-Adenoid Operation and Some of Its Results 
Quart J Med 22 107, 1928 
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before the age of 10 }eais is interesting and indicates that lemoval of 
the tonsils is not an effective means of avoiding otitis media 

Neither the literature on the relation of otitis media to the condition 
of the tonsils nor the results of the present study furnish conclusive 
proof of the existence of a causal lelationship between the tonsils and 
infections of the eai 

RELATION TO RHEUMATISM AND ARTHRITIS 

The literature on the 1 elation of the condition of the tonsils to 
lheumatism and aitlmtis is so voluminous as to be impossible of citation 
Onh outstanding contributions, repoits of lesearch councils, a few 
obseivations of mvestigatois m foieign countries and the recent liteia- 
tuie can be reviewed 

The majority of textbooks both those dealing with conditions of 
the nose and thioat and those dealing with general medicine emphasize 
the association of tonsillitis and diseases of the joints, and man) advocate 
tonsillectomy as a cure 01 prophylaxis for arthritis and acute lheumatic 
ferer Some are emphatic in their attitudes, e g, Tilly, 37 who included 
1 heumatism and ai ticular inflammations as indications for tonsillectomy, 
concluded by saying “It is leasonable to believe that the functions of 
the tonsils are of little importance, while their possibilities for evil when 
the balance between piotection and imasion has been overcome aie 
scarcely capable of exaggeration ” 

James Harper, 38 suigeon of diseases of the nose, throat and ear 
at the Royal Infirmai), Glasgow, aftei discussing possible functions 
of the tonsils, defended the piactice of removing them “should theie be 
am reason to suspect them of having an ill effect on the well being of 
the individual”, he consideied lheumatism as a definite indication for 
the operation Kaiser 10 gave the presence of positive or suspected 
evidence of the rheumatic S) ndrome — rheumatism, chorea, lieait disease 
— as a definite indication for tonsillectomy, in view of the lessened inci- 
dence of heart disease m the group operated on In a second article 11 
howevei, in which he reviewed the histones and obseivations on 1,200 
children presenting all oi part of the rheumatic syndrome, among the 
48 000 children included m the total survey, he said “Rheumatic fever, 
joint pam or growing pains occurred m both groups, 8 per cent in the 
tonsillectomized group, and 10 per cent m the nontonsillectonnzed group 
Many of the former had had lheumatic symptoms before tonsillectoni) 
The tonsillectomized child not yet infected has a decidedly bettei chance 
to escape lheumatic infection over the same period of time than the child 

37 Tilly, Herbert Diseases of the Nose and Throat, ed 4, London, H K 
Lewis & Company, 1919, p 400 

38 Harper, James The Tonsil and Its Function, Glasgow M J 94 344, 1920 


CUNNINGHAM— TONSILS IN YOUNG II OMEN 


535 


whose tonsils have not yet been remo\ed Recurient attacks ot lheu- 
matic fevei w^ere less common in the groups in which operations had 
been performed ” 

Findlay, Macfarlane and Stevenson 30 thought that in the case of 
lheumatic manifestations characterized by arthritis the evidence in fa\ or 
of the beneficial effect of tonsillectomy is slight Robey 40 advocated 
lemovai of the tonsils during the active stage of rheumatic fever The 
earlier the focus is discovered and removed, the more hope one has of 
lessening recurrences and the danger of cardiac imolvemcnt In 
several cases in which symptoms recurred repeatedl) he considered that 
the results of opeiation had been brilliant Bertom, 41 of France, con- 
sideied that extirpation is indicated m recurring inflammatory rheuma- 
tism if other sources of infection cannot be detei mined When done 
m tune, it may prevent serious diseases of the organism After the 
appearance of these diseases, however, tonsillectomy is of no benefit 
and therefore, is not indicated Wein, 42 of Hungary, drew the follow- 
ing conclusion fiom 2,500 extirpations Polyarthritis, acute glomerular 
nephutis and incipient endocarditis are frequently influenced favorably 
by tonsillectomy Key-Aberg, 43 of Sweden, advocated that in eveiy 
case, or at least in every recidivous case, m which practical experience 
has taught that the complaint may have originated in the tonsils, such 
as diseases of the kidneys and inflammatory rheumatism, the tonsils 
should be lemoved The absence of visible pathologic changes of the 
tonsils does not offer a definite contraindication, considering the utal 
and social dangers of the diseases Wodak, 44 of Czechoslovakia, 
included under strict indications for tonsillectomy, mflammatoiy 
lheumatism, other lheumatic processes, endocarditis and nephritis 
occurring one or more tunes after angina, so that their connection w ith 
the tonsils is established Rosselh, 45 of Italy, favored the total removal 
of tonsils for the generally known and acknowledged indications 

39 Findlay, L , Macfarlane, J W , and Stevenson, M M Tonsillectomy in 
Prevention and Treatment of Rheumatism, Arch Dis Childhood 4 313, 1929 

40 Robey, W , and Finland, M The Effect of Tonsillectomy on the Acute 
Attack of Rheumatic Fever, Preliminary Report, Arch Int Med 45 772 (Maj) 
1930 

41 Bertoin, Roger Indications du traitement atmgdahen dans le rhumatisme, 
Zentralbl f Hals-, Nasen- u Ohrenh 8 335, 1925-1926 

42 Wein, Zoltan Der gegenwartige Stand der Frage der Mandeloperationen, 
Zentralbl f Hals-, Nasen- u Ohrenh 8 727, 1925-1926 

43 Kev-Aberg, Hans Ueber Tonsillektomie, besonders bei Kindern, Zentralbl 
f Hals-, Nasen- u Ohrenh 10 841, 1927 

44 Wodak, E Einige Bemerkungen uber Tonsillektomie, Med Klin 24 807 
(Maj 25) 1928 

45 Rosselh, Samenero La tonsillectomania totale Indicaziom e technica, 
Zentralbl f Hals-, Nasen- u Ohrenh 12 462 1928 
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chiomc tonsillitis, neoplasms, nephropathy, endocarditis, ciyptogenu. 
feveis and chiomc rheumatism following angina He argued that, what- 
ever their function, it must fulfil its puipose in eaily youth and decrease 
with adiancmg age, and that the immediate and later dangers of the 
■causes leading to tonsillectomy counterbalance the hypothetic damage 
■done by the cessation of the function of the tonsils Schneyei, 40 of 
Vienna, lecommended tonsillectomy foi acute rheumatism, polyarthritis 
and secondary chronic poh arthritis as a lesult of the first named dis- 
ease In the piimai} chronic arthritides there seems to be no causal 
nexus with infection of the tonsils, while in definite neuralgias and 
myalgias, tonsillectomy occasionally is of benefit 

Coombs, 47 of Bristol, England, considered that the finding of germs 
m the pencardial sac, subcutaneous nodules, cerebrospinal fluid, etc, is 
sufficient evidence of the fact that rheumatism is associated with an 
actual bactei enua He thought the evidence for and against tonsil- 
lectomy hard to appraise, he operated onl) when there was an associated 
adenitis, or when lemoval of the tonsils u?as indicated because of their 
size, even apart from the coexistence of rheumatic infections More 
than once he saw a severe reci udescence of the infection follow the 
excision of tonsils that had lecently been the seat of an acute inflam- 
mation Miller, 48 reporting in 1926 for a Subcommittee of the Science 
Committee of the British Medical Association on Rheumatic Heart 
Disease in Children said “The effect of tonsillectomy on the rheu- 
matic infections of childhood has up to the present, been mainly investi- 
gated b\ a follow up method The results thus obtained have, as yet, 
proved iei\ contradictor}, and no judgment on the effect of the oper- 
ations can be formed on them ” He suggested as a “method of investi- 
gation which is fai moie applicable to the problem, the close study of 
the rheumatic infection as it occurs m childien W'hose tonsils have been 
completeh remo\ ed ” Pemberton 49 studied 400 cases m soldiers He 
considered the lemoval of foci of infection not always successful in 
ielie\mg arthritis and not always the prime indication When con- 
sidered a contributing factor and remembered as that only, and not as 
a cure in itself, the operation is justifiable Poynton 50 m the 1928 

46 Schneyer, J Zur Frage der Indikationsstellung zur Tonsillektonue bei 
Gelenk und sogenannten rheumatischen Erkrankungen, Zentralbl f Hals-, Nasen- 
u Ohrenh 13 592, 1928-1929 

47 Coombs, C F The Diagnosis and Treatment of Rheumatic Heart Disease 
in Its Early Stages, Brit M J 1 227 (Feb 8) 1930 

48 Miller, R Report on the Effect of Tonsillectomy on Rheumatic Infection 
in Children, Brit M J 2 16 (July 3) 1926 

49 Pemberton, R The Nature of the Influence of Focal Infection and the 
Means Necessary to Meet It, Tr Am Laryng A 33 142 1923 

50 Pointon F J Rheumatic Heart Disease in Childhood Tr M Soc Lon- 
don 1928 p 313 
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Lettsomian Lectuies befoie the Medical Society of London, stated 
that he thought that theie should be some collective studies of cases of 
lheumatism in chikhen without tonsils “If this proves to be fiequent 
it must influence oui pioceduie and make us tend to be cautious Per- 
sonal!}'', I do not think that there is any moie practical problem in the 
proph) lactic treatment of lheumatic heait disease that lequnes more 
immediate attention, than does the conect line to take with the tonsils, 
foi loutme opeiation lequues complete justification” Collins 1 said 
“The incidence of ceitam non-iespnatory diseases vanes with the condi- 
tion of the tonsil The incidence of illness fiom lheumatism, heait 
conditions, ceivical adenitis, and eai conditions tends to be lowest among 
childien with noimal tonsils, higher among those with defective tonsils, 
and highest of all among those with removed tonsils Presumably, 
these moie 01 less chiomc conditions cleai up only slowh, if evei, aftei 
the tonsils have been lemoved Foi this type of condition, special 
treatment in addition to the iemo\al of tonsils may be necessaiy ” 
Hajek 51 felt that up to 1925 theie had been no satisfacton statistics 
on the effects of tonsillectomy, and that lesults from diagnosis by elimi- 
nation aie umehable He pointed out the fact that physicians are of 
two opinions 1 As far as diseases following tonsillitis — lheumatism, 
endocarditis, etc — aie concerned, the tonsils should not be consideied as 
the pnmai} site of the infection, then infection is simply a simul- 
taneous manifestation of a septic infection at some othei site If one 
accepts this new, there is no justification for the lemoval of the tonsils, 
as the infection does not proceed fiom theie 2 The tonsils aie 
pnmarily at fault, since numeious autopsies have shown the gieat 
piobabiht) that the tonsils aie the pnmai) entrance gates of infection 
and microscopic examinations have shown severe injuiv to the tonsillai 
tissue Fui thei moie, expenence pioves that it is often possible to 
amelioiate or inhibit long-standing lheumatic infections by tonsillectomy 
Mygmd 52 connected tonsillitis with lheumatism, since patients as a 
mle suffer fiom a latent chronic angina long befoie a lheumatic fevei 
develops Pie stated that tonsils are not ahvavs necessaiy to rheumatic 
feiei since patients without tonsils maj contiact the disease Lmd- 
beig, 53 of Sweden, spoke fiom the point of new of a children’s ph)- 
sician when he said that tonsillectomy lately seems to benefit childien 
It is not indicated in lheumatic infections, should not lie undei taken 
fiom a prophylactic standpoint and does not pi event l elapses Hajek, 51 

51 Hajek M Die Tonsillektonue, Wien med Wchnschr 74 17, 1924 

52 Mygmd, S H Quelques observations sui les rapports entre la tonsillite 
«t les infections ditcs rhumatismales aigues et la nephrite hemorragique aigue, 
Avta oto-laryng 6 335, 1924 

53 Lmdberg, Gustaf Uebcr Eingriffe an den Tonsillen vom Standpunkt des 
Kmderar/tes Zcntralbl f Hals- Nasen- u Ohrenh 11 752, 1927-1928 
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of Vienna, thought the success of tonsillectomy foi lelative indications, 
in which he included rheumatism, endocarditis and neplmtis, always 
doubtful Hutter, C4 of Vienna, thought that it would by all means be 
a mistake to recommend tonsillectomy m all cases of rheumatism, 
because the question of whether acute or chronic recidivous polyarthritis 
is or is not always due to the tonsils needs a great deal of further study 
Schoen, 55 of Germany, followed 100 cases in which tonsils were 
removed foi diseases of the joints, endocarditis or nephritis, and found 
a cure of acute lheumatism seldom accomplished He thought that 
the operation had some effect in preventing 1 elapses Jarlov and 
Kragh, 56 of Denmark, discussed 89 cases of rheumatic infection and 
concluded “Tonsillectomy cannot be ci edited with any appreciable 
influence on the cuie or amelioration of rheumatic diseases of the joints ” 

Campbell and Warnei 07 contrasted groups of children at Guy’s 
Hospital, 843 with, and 124 without tonsils, and found 15 3 per cent 
of the former and 15 6 per cent of the latter to have rheumatism 
The)- said that many enthusiasts claim that tonsillectomy would have 
pi evented the first manifestations of rheumatism, but that their statistics 
do not support this view They found no ewdence that the tonsils of 
rheumatic children aie more septic than those of nonrheumatic children 
attending the outpatient clinic The fiequency of tonsillitis, the septic 
appeal ance of the tonsils and the degree of enlargement of the ljmph 
glands are similai m the two groups Moreover, complete enucleation 
of the tonsils before theie were any signs or symptoms of lheumatism 
(on an aveiage, two years before) did not prevent its onset, dimmish 
its frequency or in any way lessen the incidence of lheumatic carditis 
Thus there is no evidence to suppolt the theoiy that tonsillectomy 
should be performed as a routine measuie at an early age to prevent 
i heumatism 

Boas and Schwaitz oS said “In spite of oui mci easing knowledge 
of rheumatic fever, there is a peisistent tendency to focus attention too 
exclusively on the heart and too little on the systemic infection It is 
true that the enthusiasm for the eiadication of toci of infection m the 
tonsils and teeth has led toward a bioadei concept of the nature of 

54 Hutter, Fritz Tonsillen und interne Erhrankungen, Zentralbl f Hals-, 
Nasen- u Ohrenh 12 88, 1928 

55 Schoen, R Erfahrungen uber den Wert der Tonsillehtomie bei internen 
Krankheiten, Klin Wchnschr 7 2268 1928 

56 Jarlov, E, and Kragh, J Die Bedeutung der Tonsillektomie bei chron- 
lschen Gelenkerkrankungen, Zentralbl f Hals-, Nasen- u Ohrenh 12 711, 1928 

57 Campbell, M , and Warner, E C Rheumatic Disease in Children, Lancet 
1 61 (Jan 11) 1930 

58 Boas, E P , and Schwartz, S P Some Modes of Infection m Rheumatic 
Fever, Am Heart T 2 375, 1927 
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Chart 6 — Incidence of infections of the respiratoiy tract, according to age and 
the year when the tonsils w r ere removed 
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rheumatic heait disease but the lesults of these measuies have been 
rather sterile m their benefit to the patients and to the piogiess of 
knowledge Of what avail is tonsillectomy when the virus may 

persist in the heart, synovia, or subcutaneous nodule for months at a 
time, ready to give use to infection 

The history of lheumatism m the present study is inaccurate and 
piobably includes many kinds of painful experiences toxic, infections, 
metabolic and tiaumatic arthntides and myositides, as well as cases of 
acute articular rheumatism The gioups of persons with normal and 
pathologic tonsils had about equal experience with this type of pam, 
whereas those wdiose tonsils had been lemoved showed about twice 
the percentage of incidence (table 2 and chart 2) The percentage dif- 
ference is not statistically significant between the groups of those with 
normal tonsils and those with pathologic tonsils, but is significant between 
the groups of those with noimal tonsils and those with tonsils that have 
been removed (tables 3 and 4) Of all systemic infections rheumatism 
probably offers the chief indication for the removal of tonsils It was 
found m the piesent study that a high pioportion of persons whose 
tonsils had been removed had “rheumatism” before opeiation (tables 5, 
6 and 7 and chart 6) Both in the 15 to 19 and in the 20 to 24 year 
gioups, those wdiose tonsils weie removed befoie 10 years of age suf- 
fered less than those whose tonsils were removed in later years How- 
ever, in the gioup from 15 to 19 veais of age those whose tonsils weie 
lemoved before 10 yeais of age had considerable “rheumatism” follow- 
mg tonsillectomy 

From the cases studied, the arguments as to the value of removing 
the tonsils as a prophylaxis foi “rheumatism” do not seem conclusive 
If tonsillectomy is of value here, its influence seems of minoi rather 
than of major importance The literature on the subject is extensive 
and varied in its arguments In recent years there seems to be an 
increasing tendency to question the preventive or cuiative value of 
tonsillectomy for rheumatism 

RELATION TO CHOREA 

Chorea has frequently been included in the group with tonsillitis 
lheumatism and carditis, m which tonsillectomy was recommended as 
a prophylaxis and cure Kaiser 11 found that choiea occuired only 
slightly less often following tonsillectomy in 0 4 per cent of 1,200 
children without tonsils as compared with 0 5 per cent of the same number 
of children with tonsils The incidence of caiditis following chorea how- 
ever, was decidedly less in the tonsillectomized children Cummings 32 
listed chorea as an indication for removal of the tonsils Farnum 50 

59 Farnum, W B Tonsillectomy The Effect on Existing Cardiac Disease 
in Adults, Am J M Sc 176 474 1928 
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studied 526 patients in a caidiac clinic befoie and aftei tonsillectomy, 
5 1 pei cent of whom had had choiea He stated that in this gioup 
tonsillectomy did not seem to have a gieat effect on the lecunence of 
choiea, as about 20 per cent of cases reamed in both the tonsillectomized 
and the nontonsillectomized gioup Ciowe, Watkins and Rothholz c 
did not find tonsillectomy satisfactoiy in cui mg patients who had 
choiea In discussing Piatt’s 00 papei, “The Results of Tonsil Opeia- 
tion,” McCulloch said “We have come to look at the tonsils as a 
focus of infection causing lheumatic fever, heart disease and chorea” 
Bailow, m continuing the discussion, pointed out “the tendency on the 
part of the physician to imply brilliant results wheie theie is no ground 
foi such an attitude” Findlay, Macfarlane and Steienson 39 concluded 
that a piehnnnaiy tonsillectomy may lendei a peison less susceptible 
to rheumatic aithntis, but not to choiea 

Although theie was a history of much less chorea than of lheuma- 
tism among the young women entenng the Univeisity, the lelationship 
of the frequenc} of choiea in the thiee groups — those with noimal, those 
with absent, and those with pathologic tonsils — was much the same as 
that of lheumatism (table 2 and chait 2) Those whose tonsils had 
been lemoved had about twice the peicentage of choiea shown by those 
m the othei two gioups Those with pathologic tonsils had had slightly 
moie chorea than those with normal tonsils, which is not the case with 
rheumatism Statistical lalue can be ci edited to diffeiences in the per- 
centage incidence of choiea in the gioup with noimal tonsils and m the 
group of those whose tonsils have been lemoved, but not between the 
groups with noimal tonsils and those with pathologic tonsils (tables 
3 and 4) 

RELATION' TO DISEASES Or THE HEART 

The mci easing fiequency of disease of the heart as a cause of death 
has focused attention on the etiology of caidiac pathology and on the 
methods of preventing damage to the heart 

Kaiser, 01 fiom 1919 to 1921, suive}ed 48,000 school childien in 
Rochester N Y and found iheumatic heait diseases in 450, or 22 2 per 
cent of the 20,000 who had had then tonsils iemoA r ed, and m 817 or 
2 9 per cent of the 28,000 who weie not operated on In many of the 
children in the foimer group heait disease developed befoie enucleation 
of the tonsils, since a careful analysis of 478 cases of carditis showed 
that the condition developed in 83 pei cent before removal of the 

60 Pratt, F J Results of Tonsil Operation Questionnaire Repoit Arch 
Otolaryng 4 142 (Aug ) 1926 

61 Kaiser, A D Relation of Tonsils to Acute Rheumatism, Am T Dis 
Child 37 559 (March) 1929 
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tonsils and m 17 pei cent following tonsillectomy Nobel and Hecht, 62 
repoiting from the University Clinic in Vienna, stated that a 1 elation 
between diseases of the tonsils and other organic diseases, such as 
rheumatism, endocarditis and nephntis, frequently exists, but that as 
a mle it cannot be diagnosed by an examination of the tonsil alone A 
seminar of Viennese physicians, 63 meeting m 1928 to discuss the indi- 
cations for removal of the tonsils, especially for general diseases, 
expressed the belief that the exacerbations of endocarditis and nephritis 
that frequently follow tonsillectomy speak for the tonsillogemc cause 
of the disease, they thought that, if possible, removal of the tonsils 
should not be undertaken until aftei the acute stage of the disease 
Haardt 64 agreed with the Viennese group as to the time for removing 
tonsils, since m twenty-one patients operated on at an early stage, two 
showed symptoms of marked general infection, with elevation of 
temperature to 40 C (104 F ) Schoen 55 found tonsillectomy impor- 
tant m inhibiting relapses of endocarditis Farnum 50 studied 526 
patients in a cardiac clinic He stated that in adults with existing 
cardiac disease, the hope for improvement from tonsillectomy has been 
based on a shaky foundation If tonsillectomy is to be generally used 
as a definite therapeutic measure m caidiac disease, its best results will 
be obtained before the incidence of cardiac infection or very early in its 
couise Rheumatic carditis in all its manifestations is but one phase 
of a generalized infection spoken of as rheumatic fever Removal of 
the tonsils, although accomplished before carditis occuis, will not pre- 
i ent its occurrence Thq removal of the tonsils alone will not guarantee 
a halt m the progress of existing cardiac disease because the cause of 
the infection may still be present in the throat or elsewhere in the body 
The prey entire treatment should be based on raising the individual 
resistance to infection by all possible means 

In the histones and physical observations m this study, considerable 
attention was given to caidiac conditions, since placement in physical 
education classes m the univeisity depends on the entrance examination 
Evidence of damage to the mitral valve was less among those with nor- 
mal tonsils than among those with absent oi pathologic tonsils (table 11 
and chait 7 ) The latter two groups seem to suffer equally It may 
be that m a high percentage of cases hearts are permanently damaged 
b} pathologic tonsils before tonsillectomy, or peisons susceptible to 

62 Nobel, E , and Hecht, A F Ueber die Tonsillenfrage, Klin Wchnschr 
4 1049 (May 28) 1925 

63 Seminar of Viennese Physicians Wann sollen die Tonsillen entfernt wer- 
den und besonders bei velchen internen Kranhheiten ? Wien klm Wchnschr 41 
867, 1928 

64 Haardt, W Zur Frage des Zeitpunhtes der Tonsillektomie beim Pen- 
tonsillarabscess, Zentralbl f Hals-, Nasen- u Ohrenh 12 20, 1928 
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tonsillar disease aie also susceptible to cardiac damage The same 
agent that causes damage to tonsillar tissue may, without the relation- 
ship of cause and effect, cause damage to the heart Lesions to the 
aoitic valve, although few, seemed to indicate a protective effect of 
tonsillectomy, since the group whose tonsils had been lemoved showed 

Table 11 — Condition of the Hcciit as Related to That of the Tonsils 
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Chart 7 — Incidence of diseases of the heart In this and chart 8 the black 
column indicates the group with normal tonsils, the next column those whose 
tonsils had been returned and the third column those with pathologic tonsils 
Scale indicates per cent 


about one-half of the peicentage of damage, as did those with tonsils 
judged as normal, and about one third the peicentage of damage of 
those with pathologic tonsils If all observations relatne to the tonsils 
and cardiac conditions were of this pattern, the evidence in favoi of 
tonsillectomy as a prophylaxis against cardiac disease would be cleai 
Although the diagiams and tables look convincing, no differences in 
percentages between the condition of the aortic valve in tonsil groups 
have statistical weight, and such differences as do occur must be taken as 
suggestive and not as final (tables 3 and 4) The history of cardiac 
disease, with or without accompanying physical observations, was 
approximately equal foi the group with normal tonsils and that with 
pathologic tonsils, but considerably greater foi the gioup with absent 
tonsils Since the combined damage to the mitral and aoitic vahes m 
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the gioup with pathologic tonsils is not as much gieatei than that in 
the gioup with absent tonsils, as is the history of heait tiouble in the 
group with absent tonsils greater than a similar histoiy m the gioup 
with pathologic tonsils, some slight hint is offered of the curative action 
of tonsillectomy m early cardiac involvement 

The same lack of conviction as to the lelationship between the condi- 
tion of the tonsils and rheumatism is found in both the hteiatuie and 
the lesults of the present study foi the lelationship between the tonsils 
and cardiac conditions Here, also, lecent investigators tend to ques- 
tion the piewouslv accepted relationship of cause and efiect 



Chart 8 — Incidence of operations, by groups Scale indicates per cent 


HISTORY Or OPERATIONS 

Only the opeiations resulting fiom infectious piocesses and stiuc- 
tuial defects aie consideied (table 12 and chait 8) Those necessitated 
b) mechanical defects, such as the plating or wiring of fiactuies, the 
lemoval of foieign bodies and the tiansplantmg of tendons, are not 
included 

The collect intei pretation of the obseivations on operations is 
piobably impossible The mental attitude towaid medical care and 
operations m particulai is apparent m that the groups accepting tonsil- 
lectomy accepted other operations in much greater numbers than did 
those with normal or pathologic tonsils Even lehgious principle may 
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pla) a pait heie It is possible that some peisons with pathologic tonsils, 
refusing the advice to have then tonsils lemoved, also lefused an 
appendectomy 01 delayed it too long and, thiough death, lessened the 
numbei of those entering the univei sity w ith pathologic tonsils and with 
a lustoiy of appendectomy This cannot, howevei, account for the 
entile difference between the greatei numbei of those with normal 
tonsils and a lustoiy of appendicitis than those with pathologic tonsils 
and a similar lustoiy (table 12 and chait 8) In the gioup with 
pathologic tonsils many acute abdominal pains may have subsided 
undiagnosed, without operation, and then suffeieis survived more by 
good luck than by good management Considenng the histoiy of 
appendicitis without opeiation, it is appaient that all peisons whose ton- 

Table 12 — The Incidence of Opeiation, Accoidmg to the Condition of the Tonsih 
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sils had been lemoved weie not opeiated on when a diagnosis of appendi- 
citis was made Over 3 pci cent of those in the gioup with normal 
tonsils and of those in the gioup with pathologic tonsils gave a lustoiy 
of appendicitis without opeiation, wheieas ovei 6 per cent of the group 
whose tonsils had been lemoved gave a sinulai lustoiy (table 2) 

SUMMARY 

1 The histones of joung women entenng the Univei sity of Cali- 
fornia dui mg the last ten years weie tiansfeired to punch cards 

2 Of these caids, 12,530, repiesentmg white women of from 15 to 
34 years of age, were soited and tabulated as to the condition of the 
tonsils and as to the incidence of illnesses and operations m the three 
groups, the lesults showed 4,185 with nonnal tonsils, 4,134 with 
absent tonsils and 2,836 with pathologic tonsils 

3 The maccuiacies of the histones, obseivations and method weie 
considered 
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4 Tables and diagiams of the incidence of disease and operation, 
with standard enois of diffeiences in percentages in the groups are 
presented 

5 The cards were soited according to age groups, from 15 to 19, 
from 20 to 24 and from 25 to 34 yeais, and according to the condition 
of the tonsils for the history of disease and of opeiation 

6 The cards of the gioup with absent tonsils weie sorted, by age 
groups, to indicate whether the disease oi operation pieceded or followed 
the tonsillectomy 

7 The cards of those without tonsils weie soited accoiding to 
(1) age groups, (2) the age when the tonsils were lemoved, from 

0 to 4, from 5 to 9, from 10 to 14, and 15 years and over, and (3) for 
facts m the histoiy 

8 Tables and diagiams piesent the observations made m this study 

9 Facts not discussed in the text are included m the diagiams and 
tables m the hope that they may serve as source material 

10 The literature concerning the i elation of the condition of the 
tonsils to the incidence of measles, mumps, chickenpox, whooping 
cough, scarlet fever, diphtheria, infections of the uppei lespuatory 
tract (influenza not included), tonsillitis, otitis media, lheumatism, 
choiea and caidiac conditions has been partially reviewed 

CONCLUSIONS 

1 One third of 12,530 young white women ■who enteied the Uni- 
versity of California between 1920 and 1929 had had an operation for 
the removal of tonsils, one-third were thought to have normal tonsils, 
and the lemainmg one-third had pathologic tonsils, remnants of tonsils 

01 buried or projecting tonsils to which no further designation was 
given 

2 The group with normal tonsils and the group with pathologic 
tonsils diffei by small peicentages, which aie statistically insignificant 
m the incidence of the following diseases and operations reported in the 
histories measles, mumps, chickenpox, whooping cough, scarlet fever, 
diphtheria, pneumonia, pleurisy, chionic colds, rheumatism, chorea 
operations for appendicitis, mastoiditis, ceivical glands and operations 
on the nose 

3 The group with absent tonsils gave a history of higher incidence 
of all illnesses and operations than did either the group with normal 
tonsils or the group with pathologic tonsils The fact that childien who 
are often ill are the ones most frequently operated on is offered as a 
possible explanation for this higher incidence of illness 
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4 The pioportion of the amount of illness reported befoie and 
after tonsillectomy suggests that the removal of tonsils had little influ- 
ence in lessening the susceptibility to most infections The lack of 
piopei comparative data lessens the value of this conclusion 

5 The age when the tonsils weie lemoved had no influence on the 
total incidence of measles, mumps, clnckenpox, whooping cough, pneu- 
monia and influenza, but early removal seemed to have a slightly favor- 
able influence on the incidence of scailet fevei and, to a less extent, on 
that of diphthena The effect of the age of lemoval on chiomc colds, 
lheumatism and otitis media was not conclusive 

6 A leview of the liteiatuie lelative to the effect of the condition 
of the tonsils on geneial health leveals a gieat lack of accurate mfoi- 
mation’on the effect of tonsillectomy, when one consideis the numbei of 
opeiations that have been pei formed Opinions as to the indications 
for, and the value of, tonsillectomy vaiy widely Theie is a growing 
tendency to question the value of tonsillectomy as a piophylaxis 
against infectious diseases and as a pieventive measuie or cure foi 
such svstennc diseases as lheumatism, choiea and caiditis 



CHRONIC ENDEMIC ERGOTISM 

ITS RELATION TO TOE VASOMOTOR AND TROPHIC DISEASES 1 
JULIUS KAUNITZ, MD 

NEW YORK 

Epidemic eigotism has piactically been extinct since the end of the 
last centuiy The more careful cleaning of the lye seed befoie planting 
and milling undoubtedly accounts foi the gieat 1 eduction of the toi tilling 
pains and mutilations that resulted fiom the eating of lye biead infected 
with eigot Oui economic system, through which grains aie’stoied 
foi long penods, is another impoitant element m pi eventing eigot- 
ism It is well known that the toxicity of ergot deci eases with age 
During the epidemics it was noticed that ergot was most haimful soon 
after the harvest, that the toxicity decreased considerably towai d spring, 
and that by summer the ergot was practically harmless 

If it were not foi the caieful cleaning and long stonng of the gram, 
conditions sinulai to those that occurred during the epidemics might 
be witnessed, as even today many lye fields aie heavil} infected with 
ergot Atanasoff 1 said 

Grains, especially rye, in some seasons and in some fields are infected so 
heavily that every head may have one or more sclerotia, as was reported from 
Wisconsin m 1917 

Cases where 20 to 50 per cent of the heads were infected with ergot have 
been reported from various parts of the United States and Europe 

The amount of ergot for 1917 in Connecticut ranged from one to five per cent 
Decrease of the yield (of rye) by as high as 20 per cent has been reported from 
Russia (as a result of ergot infection) 

Eigot has been found m eveiy continent on the globe It attacks 
all the giams and glasses, but lye is its pnncipal host In Noith 
Amenca it has been found m Veimont, Connecticut, New Yoik, 
Michigan, Tennessee, Indiana, Wisconsin, Minnesota, Iowa, Kansas, 
Wyoming, Montana and othei states besides vaiious localities in Canada 

The impoitance of the piesent day infection can be judged by the 
defensive measuies of the fanneis and nnlleis to lemove the fungus 
Many methods, such as sifting, scieenmg and sedimentation, aie 
employed, which Atanasoff said may i educe the amount of eigot to 
fiom 0 06 to 0 17 per cent It is, of couise, not expected that such 

' Submitted for publication, Sept 2, 1930 
From the Pathological Department of the Sydenham Hospital 

1 Atanasoff, D Ergot of Grains and Grasses, Monograph, U S Dept 
Ague, Washington, 1920 
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,i 1 eduction could occui wheie the infection with eigot was veij hea\} 

I have examined many samples of lye flour fiom vanous legions, and 
ha\e found few that were not contaminated with eigot, some of them 
contained a considerable quantity 

A study of the literature of epidemic ergotism and my experimental 
investigations of ergotism in fowl have suggested to me the possibility 
that the cause of some of the vasomotor and tiophic diseases can be 
tiaced to endemic ergotism Of comse, it would be impossible to piove 
this until more facts have been obtained Howevei, I believe that 
theie is sufficient evidence in the form of pathologic analogies and the 
widespi ead consumption of eigot to make this fungus the subject of 
greatei study m i elation to such diseases as thiombo-angutis obhteians, 
Raynaud’s disease, erythromelalgia, aci o-asphyxia, sclei odei fna, sclero- 
dactylia, multiple neurotic gangrene, deimatomyositis and other such 
diseases of unknown oiigin The relationship between ergotism and tips 
group of diseases ivas hinted at in an articlq-in which I attempted to 
show the similarity of thrombo-angntis obliterans and ergotism (gan- 
gienous form) Much of the details in the etiology, pathology, 
toxicology and sj'mptomatology of these two conditions, winch are 
omitted here, wall be found in that article 2 

Considenng the amount of rye infected with ergot that is consumed 
heie and abroad, it is surprising that cases of endemic ergotism are 
so raiely leported 3 It may w r ell be that chronic endemic eigotism 
occurs in the guise of the vasculai, vasomotor and trophic diseases 
mentioned These sequelae to ergot poisoning aie perhaps overlooked 
because of the mildness of the original intoxication and the insidious 
onset of the latei manifestations 

That Raynaud 4 suspected ergot to be the cause of the disease named 
after him is borne out by his expenmental attempts to pioduce this 

2 Kaunitz, Julius The Pathological Similarity of Thrombo-Angntis Oblit- 
erans and Endemic Ergotism, Am J Path 6 299-315 (May) 1930 

3 Since writing this, I have come across the article of Robertson and Ashby 
(Ergot Poisoning Among Rye Bread Consumers, Brit M J 1 302, 1928) and 
Morgan (Report on an Outbreak of Alleged Ergot Poisoning by Rye Bread in 
Manchester, J Hyg 24 51, 1929) of a small outbreak of apute ergotism occurring 
in Manchester as late as 1928 It affected only the members of the Jewish popula- 
tion who ate rye bread The rye flour contained approximately 1 per cent ergot, 
which appeared to be harmful only soon after the harvest, when it was fresh The 
vasomotor and trophic symptoms were milder than those mentioned of the epi- 
demics Improvement was observed in some cases when the use of rye bread 
was discontinued 

4 Raynaud, Maurice On Local Asphyxia and Symmetrical Gangrene of 
the Extremities, Trans by Thomas Barlow, Selected Monographs, London New 
Sydenham Society, 1888, p 130 
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disease m animals Ehlers c not only suspected Raynaud’s disease but 
also eiythromelalgia, aciodynia and other vasomotor distuibances as 
being due to eigot 

SUSCEPTIBILITY 

Gencial Consider atwns — The Abbe Tessiei 0 foimed a good judg- 
ment of the conditions likely to piomote an oulbieak of eigotism (he 
speaks of La Sologne) 

these are three 1 That the distucl was damp and foggy, 2 that the 
vegetable products were ill-thriven and stunted, 3 that the inhabitants w'ere m 
bad health, being reduced by want and malaria 

It was noticed that those peisons whose diet also contained milk, 
cheese oi meat in addition to rye biead sufteied less seveiely oi not 
at all The role played by a diet almost exclusively of rye biead oi 
the addition to it of daily foods and meats deseives consideiation 
These animal foods may seive as a piotection against ergotism in the 
same way as they do against pellagia, anothei gram disease 

The mci eased susceptibility bi ought about by staivation, miseiy and 
ill health mentioned hy Tessiei is tiue of many othei diseases 

Se.\ and Age — In a stuvey of sixty-eight epidemics, Kij'sinsky 5 6 7 
found that with one exception the gangienous fonn of eigotism affected 
the males exclusively The convulsive foim affected the women, childien 
and the aged Tessiei 8 9 obseived that the sput red lye acts with less 
foice on females Renauldin 0 stated that the gangrenous foim ot 
eigotism does not affect females Noel, 10 suigeon of the Hotel 
Dieu of Oi leans, descnbmg an epidemic of 1710, said of eigot 
attacks men by prefeience what is most astonishing, 

does not attack women” What is tiue of epidemic is also tiue of 
medicinal eigotism In spite of the tiemendous quantity of eigot 
administered to women m this countiy — fiom 170,000 to 264,000 pounds 

5 Ehlers, Echard Ignis sacer et Sancti Antoim, Kjpbenhaui, Ernst Bojescn 
1895, pp 68-79 

6 Tessier, Abbe Recherches sur le feu Saint Antoine, par Jussieu, Raulet,' 
Sailant, lessier, etc, Hist Acad rov d sc, 1776, quoted from Allbutt and 
Rolleston System of Medicine, New' York, The Macmillan Companj', 1906, vol 2, 
part 1, p 886 

7 Krysmsky, Stanislaus Pathologische und kritische Beitrage zur Mutter- 
kornfrage, Monograph, Jena, Gustav Fischer, 1888 

8 Tessier, Abbe Traite des maladies des grames, Paris, 1783, 8 vols , 
quoted by Neale, Adam Spur or Ergot of Rye, London, H Phillips, 1828, 
vol 8, p 18 

9 Renauldin Dictionaire des sciences medicales, ergotisme, Paris, 1815 
vol 8, quoted bv Neale, Adam Spur or Ergot of Rve, London, H Phillips, 1828, 
vol 8, p 18 

10 Noel, quoted from Ravmud (footnote 4, p 131) 
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(77,100 to 119,700 Kg ) irapoited yeaily 11 — one iaiel) heais of a case 
of gangiene in women fiom this souice 

When the i)e is heavily infected with eigot, as dui mg epidemics, 
because of the ovei whelming quantity few persons escape its mutilating 
effects Howevei, when the infection is slight, only those peisons who 
aie most susceptible suftei fiom its effects, the intoxication being moie 
selective and, on account of the difteient individual ldiosynciasies, 
assuming difteient foims of \asculai, vasomotoi oi trophic manifesta- 
tions 

One of the seveiest vascnlai conditions m this stud) is found in 
thiombo-angntis obhteians This disease occuis most fiequently m 
young and middle-aged men, but is laie m women Raynaud’s disease, 
however, occuis moie frequently in women Ergotism, as we have 
mentioned, also pioduces gangiene m )Oung and middle-aged males, 
but laiely m females It is peitinent to considei heie the possibility 
that men who aie most susceptible to eigot aie moie fiequently affected 
with the seveiei pathologic condition of thiombo-angntis, while the 
women, who aie less susceptible, aie moie fiequently affected with 
a milder condition of Raynaud’s disease 

SYMPTOMATOLOGY 

The diffeient symptoms and signs that occur m Raynaud’s disease, 
such as eiythromelalgia, scleiodactylia, sclerodeima, etc , aie well known 
It is because of the distinctions m these symptoms and signs that the 
classification is made It fiequently happens, howevei, that the symp- 
toms of two or more of these conditions aie found associated Raynaud’s 
disease, for instance, may exhibit symptoms of er) thromelalgia, scleio- 
dactyha or scleiodeima Scleiodeima frequently is found associated 
with sclerodactylia It is not unusual to find symptoms and signs of 
the vasomotor and trophic group of diseases, especially Raynaud’s 
disease, erythromelalgia, scleroderma, sclerodactylia, etc , associated 
with thrombo-angntis obhteians The fiequent association of these 
various syndromes must be considered as something more than a 
coincidence 

In epidemic eigotism, all of the vasomotor distuibances weie noted 
Pallor, rubor and cyanosis weie fiequently accompanied by exciuciatmg 
pains of a burning oi clamping nature Paresthesias, such as formica- 
tion, heat, coldness and anesthesia were some of the othei sensoiy 
disturbances noted Trophic changes, such as ulceration, desquamation, 
shuveling or withering of the tissues or whole extiemities weie some 
of the sequelae The pulse was found to tighten fiom day to day and 


11 Department of Commerce of the United States, private communication 
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hnally to become obhteiated Cyanosis gave way to blackness, which 
was followed by gangiene, geneially of a diy nature, m the fingeis, toes, 
hands or feet, the entue extremity 01 in patches ovei the trunk, extienn- 
ties, ears, nose or visceia These symptoms weie generally more acute 
than those in the gioup of diseases under consideration To my 
knowledge, the chiomc cases of eigotism that might belong to this 
group were not chronicled duung the epidemics They might have 
passed then, as they do today, foi different conditions Today, with 
no definite human ergotism as a basis, it is even more difficult to appiaise 
the causal lelationship of eigot In cases of thi ombo-angntis obliterans, 
I was able to collect consideiable evidence of the disease occuuing in 
those who eat lye bread 

The symptoms of the vasomotoi and tiophic diseases that are being 
considered may be found in vauous combinations of those found m 
ergotism, the following of which aie a few brief examples 

In thiombo-angutis obliterans, one may find all the vasomotoi 
disturbances manifested by pallor, ruboi and cyanosis, and sensoiy 
disturbances of severe burning 01 clamping natuie, paresthesias such 
as formication, coldness, heat and anesthesia Local edema 01 atiophy 
with tiophic ulcers geneially occuis in the toes and fingers These 
symptoms may piecede 01 occui simultaneously with the obliteration 
of the pulse m an extremity The teimmal mfaiction usually occurs m 
the extiemities and occasionally m the visceia, the symptoms of the 
latter condition resembling those of coionaiy, mesentenc and other 
visceral thromboses 

In Raynaud’s disease, palloi, luboi and cyanosis may occui paroxys- 
mally and bilateially, m the extiemities, in the tip of the nose 01 eais, 
or m patches ovei the body as m multiple neuiotic gangiene Local 
edema or atiophy with tiophic ulceis and severe pam, paiesthesias and 
anesthesias aie some of the other manifestations m the affected legions 
The pulse may be obhteiated duung the artenal spasm Persistent 
cyanosis is followed by blackness and finally gangrene m the affected 
regions Epileptic seizui es, paioxysmal hemoglobinuria and other vis- 
ceral conditions have been attubuted to this condition The distribution 
of Raynaud’s disease is much like that of epidemic eigotism 

In ei ythi omelalgia the vasomotor symptom is geneially rubor, which 
is followed by cyanosis m the part of the extremity affected Excruciat- 
ing burning pains aie expenenced, particulaily when the extremity is 
in the pendant position Edema and tiophic distuibances and ultimately 
gangrene usually follow the vasomotor phenomena The distribution 
is practically limited to the hands and feet 

Chronic acro-asphyxia geneially exhibits a cyanosis which, though 
of a chiomc natuie, may occasionally be paioxysmal m its attacks Pam 
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is usually absent, theie being instead a hypoesthesia, coldness and 
numbness Edema and ti opine ulcers aie geneially found m this 
condition, the distnbution is piactically limited to the hands and feet 

Sclerodeima frequently begins with the vasomotor symptoms of 
Raynaud’s disease The skin is eithei blanched, hyperenuc or cyanotic 
The haid edema is followed by induration which may occur m patches 
01 all ovei the body Sensoiy distuibances of burning pains, foimica- 
tion and numbness aie complained of Trophic ulceis and gangrene, 
paiticularly the foimei, aie commonly encountered When scleio- 
dactyha is an associated complication, atrophy or withenng of the 
fingeis takes place, the terminal phalanges becoming absorbed 

In deimatomjositis, as in scleroderma, the skin is said to exhibit 
vasomotor distuibances which are followed by edema and later indura- 
tion In some cases the muscles aie maikedly inflamed and exciutiat- 
mgly painful, paiticularly on motion This laie disease is only mentioned 
because of some suggestne pathologic observations connected with 
it that I obtained in expenmental ergotism 

ONSET AND COURSE 

Dui mg the epidemics, eigotism fiequently ran an acute course 
Staiting with shock, gastio-mtestmal and neivous symptoms, death 
followed as after seveie intoxication In the more chronic form, the 
intoxication usually manifested itself immediately and occasionally many 
months after exposuie to cold or an acute infectious disease, when 
gangiene of the extienuties or mfai cation of the visceia would ensue 
During the epidemics, it was also noticed that after the amputation of 
one of the gangrenous limbs, the symptoms receded or chsappeaied 
until some future epidemic when gangiene of another limb became 
evident The epidemics aie too far removed for one to decide whethei 
the succeeding attacks weie due to the original intoxication with eigot 
and not to the later epidemic Theie is a certain amount of evidence 
supporting the idea of an immunity to ergot which results from 
previous inoculation 01 ingestion of ergot If this is true, one must 
consider that the secondaiy attacks of gangiene were not so much 
the lesult of the lemgestion of eigot, but were due to the vascular 
lesions that the pievious intoxication had caused In hoises whose 
hooves 01 tails sloughed oft after intoxication with ergot, Buffum 12 
noticed that gangrene was occasionally delayed two yeais after the 
original intoxication In thrombo-angutis obliterans, one limb after 
another becomes involved, until in some cases amputation has been 

12 Buffum, B C Grasses and Forage Plants, Wyoming Agnc Exper Sta 
Bull 16 223-248, 1893, quoted by Atanasoff (footnote 1) 
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peifoimed on both tippet and lowei exti entities Occasionally, in a 
nnldei f 01 ni, the same sequence lias been obseived in Raynaud’s disease 
The co-existence of endaiteiial lesions in appaiently healthy exti entities 
in cases of thiontho-angutis obhteians has been denionstiated One 
fiequently finds many stages of this vasculai disease piesent It appears 
suggestive that as a lesult of eailiei intoxication tasculai changes are 



F'g 1 — Acute ergotism Photomicrograph of the artery of the median stalk 
at the base of the cock’s comb The media appears thickened and edematous 
The nuclei stam poorlj, suggesting attrition due to continual angiospasm The 
lumen of the vessel, which is considerably narrowed, was perhaps more con- 
tracted during life The pathologic sequelae in these vessels can only be sur- 
mised by the lesions found in figures 4 and 5, which show chronic manifestations 

piovoked, particularly m the extiemities The change m the penpheial 
tissues results from the oigamc and functional intei feience with the 
circulation in these tissues An acute onset following an acute infectious 
disease is frequently met with m Raynaud’s disease and in eiythromelal- 
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gia and is comparable to the manifestations of eigotismthataiepiovoked 
b} an acute disease long aftei the intoxication vuth eigot In most of 
the diseases of this gioup, there is a chiomc couise 

PATHOLOGY 

The mtnnsic pathologic piocesses m these vascular and tiophic 
diseases that have been consideied is an) thing but an open book Of 



Fig 2 — Section from the same comb as figure 1, but near to the tip of the 
posterior portion, proximal to a line demarcating gangrene There is marked 
hyperemia throughout The vessels are engorged, and the coats are stretched 
tlun The vessels contain old blood and degenerated blood pigment, eudence of 
the marked stasis noticed during life The epithelial covering of the comb appears 
edematous On higher magnification, the epidermal laier is slightly thickened 
The marked interference with the circulation produced b\ the spasm of the artery 
(fig 1). and the marked dilatation and stasis shown in this picture, resulted in 
the dry gangrene about 3 mm distal to the place from which this section was 
obtained 
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course this is also true of endemic ergotism The fiequeot pathologic 
effects, such as trophic ulcers, edema, inflamed or lnduiated soft tissues, 
gangrene, atiophy, etc, aie well undei stood, but theie is no pi ease 
knowledge of the vascular and neuial changes that piecede these effects 



Jug 3 — Chronic ergotism (about seven months) Ihe section was taken from 
the middle of the posterior part of the cock’s comb Chronic edema, which is 
\ery evident in the dermis, is noted throughout the section The thickened epi- 
dermis appears loosely attached During life, this desquamated grayish scales 
There were small capillary hemorrhages over the entire comb and a few ulcera- 
tions at its base Some of the arteries appeared contracted and showed some 
mtimal thickening Absolute occlusion was not noticed in the vessels The trophic 
changes were most probably due to the vascular dystonia During life, the comb 
appeared pale at the base, slightly reddish in the middle and purplish at the tips, 
suggesting angiospasm at the base with dilatation and stasis at the periphery 
lhe hard edema, scaling and vasomotor symptoms suggested the skin and sub- 
cutaneous changes described m cases of scleroderma and dermatomyositis 
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Bueiger , 13 who made an extensive stud} of this subject, particulaily of 
thrombo-angntis obliterans, expressed the belief that only the lattei 
condition of this group is to be associated with any oigamc obliteration 
of the lumina of the vessel, the pathologic effects m the others anse 



Fig 4 — Chronic ergotism (about one year) The section was taken from the 
middle of the posterior portion of the cock’s comb showing early hyperplasia of 
the intimal cells Note the tendency of the cells to grow with their long axes 
radial, as m early thrombo-angntis obliterans The oval cells in the lumen are 
erythrocytes, which are nucleated in birds 

onl} as a result of \asomotor and neuiotrophic distui bailees Although 
theie are many who concur in this opinion, theie are otheis who attach 
considerable importance to endartei ltic changes, particularly m some of 
the smaller arteries of the extremities m Raynaud’s disease and eryth- 
romelalgia Of course, m the absence of complete organic occlusion 

13 Buerger, Leo The Circulatory Disturbances of the Extremities, Phil 1 
delphia, W B Saunders Company, 1924, p 376 
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m these vessels, one must agree that additional factois aie necessaiy 
to nitei feie with the circulation and produce tiophic ulceis, chiomc 
edema, gangiene, etc The combination of artenal spasm and dilatation 
of the capillaries and venules lesults m a stasis, which could pioduce 
such pathologic lesions m the peripheial tissues, as I suggested The 
01 game changes m the vessels mentioned in the exhaustive studies of 
Isaac 14 and those of Cassirei and Hirschfelder ir ’ m patients with 



5 — Chronic ergotism, simulating thrombo-angntis This section -was 
obtained about 2 mm proximal to the one shown in figure 4 This vessel shows 
the later stages of thrombo-angntis in which organization has occurred both in 
the intimal tissue and in an attached thrombus The organization and fusion of 
both tissues makes it extremely difficult to differentiate them as separate entities 


14 Isaac, Georges Pierre Contribution a l’etude de la pathogenie du syn- 
drome de Raynaud (de l’importance des lesions arterielles), Thesis, Paris, L 
Arnette, 1926, p 88 

15 Cassirer, Richard D , and Hirschfelder, Robert Vaso-motorisch-trophische 
Erkrankungen, Spezielle Pathologie und Therapie inneren Krankheiten, Berlin, 
Kraus & Brugsch, 1924, vol 10, part 3, p 579 
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Raynaud’s disease indicated that this disease is not meiely a vasomotoi 
condition The same may he said of er)thiomelalgia m which endai- 
tenal and even thiombotic changes weie found by Shaw 16 and otheis 
Benoist , 17 backed by his experience and an extensive bibhogiaphy 
expressed the opinion that organic changes are found m the vessels as 
well as degeneiative changes in the cord Although the organic changes 
m these two conditions do not usually compaie with those of tlnombo- 
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The pathologic changes in eigotism aie fiequently mentioned, but 
usually without definite description In spite of the many epidemics, 
know ledge on this subject is meager Ergotism may be distiibuted 
to any penpheial portion of the body Gangrene has been mentioned 
to ha\e occurred m eveiy pait of the extiemities and trunk, the visceia 



lug 7 — Acute ergotism The section was taken through the skin, subcuta- 
neous tissue and muscles of the lump of a rooster Note the marked engorge- 
ment, particular!} m the dermis This condition appeared during life as a purpuric 
eruption The marked stasis with deficient oxygenation probably accounted for 
this appearance Other vessels are seen engorged in the subcutaneous tissues, 
some of which extend into the muscle fascicles Many of these muscle fibers 
appear vacuohzed m the transverse section 

and tips of the nose and ears The repot t of an epidemic of acute 
convulsant ergotism at Viatka in 1889, written by Vinogradoff, 18 who 

18 Vinogradoff N F Pathologic Anatomy of Ergotism, St Petersburg, 
Vrach, 1895, pp 585, 622 and 647 
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found 'lanous types of vascular lesions in the Msceia, contains peihaps 
the best description of these lesions Neatly all of the laige 
vessels contained thrombi, some of which were led, while otheis weie 
composed principally of fibrin In some of the smaller blanches of the 
portal vein, oigamzed thiombi weie found Some of the walls of 



Fig 8 — Acute ergotism in the same animal as m figure 7 The section was 
taken from the pectoral muscle, showing marked degeneration in the muscle fibers 
Some fibers that appear least affected have lost the staining qualities of the 
normal, the striations not showing There is marked engorgement in some of 
the vessels between the muscle fibers m other areas of this section The skm 
that covered this area also had the purpuric appearance, as described m figure 7 
Both of these lesions suggest an acute form of the more chronic disease, 
dermatomyositis 

the vessels w r ere thickened with then lumina nan owed to such an extent 
as not to peimit more than tw r o or three ei}thioc}tes to pass Marked 
proliferation of the mtimal was observed in some of the vessels, while 
others showed fibiosis or h) aline degeneration 
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In my experimental wotk, I was able to pioduce both acute and 
chronic eigotism in fowls In the acute foim, the aitenes (fig 1) near 
the base of the comb weie found conti acted, and the media were swollen 
and hyaloid as though in a state of degeneiation On the other hand, 
the capillanes (fig 2) weie maikedly dilated, and contained stagnant 



Fig 9 — Photomicrograph of an artery from the finger m a case of Raynaud’s 
disease reported by Cunningham (New York State J Med 26 973, 1926) The 
artery shows a marked proliferation of the intima, which has become organized 
and contains newly formed vessels, as in thrombo-angntis There was no evi- 
dence of actual obliteration of its lumen One must interpret the gangrene that 
resulted as not being due to the organic changes m the vessels as much as to 
the vascular dystonia 
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blood This stagnation was probably the cause of the ganriene at the 
postenoi tip of the comb Evidence of stasis was also found in the skin 
and muscles of the pcetoial and gluteal legions (fig 7 ) The capillaries 
in both the skill and muscles aie maikedly dilated, the latter showing 
evidence of degenei ative changes 

In a more chiomc case, of about seven months’ duiation, m which 
many of the vessels of the comb showed endaitenal hypeiplasia, the 
comb was swollen to about double its natuial width and manifested 
vasomotoi and tioplnc conditions such as pallor, lubor, cyanosis (at 
the tips), ulceiations, fine capillaiy hemoiihages and desquamation of 
the epidermis (fig 3) In a roostei on which autopsy was performed 
a year aftei the initial feeding with ergot, many of the vessels of the 
comb (fig 4) showed endartenal hypeiplasia with the mtimal cells 
tending to glow with their long axes radial, as m thiombo-angutis 
obliterans, desci ibed by Malioi ner 19 Many vessels showed organization 
of the thickened mtimal process , one aiteiy (fig 5) showed an oigamzed 
thiombus fused to the organized mtimal piocess as in a latei stage 
of thrombo-angntis obliteians 

As no thrombus completely obliteiated the lumina m the vessels of 
either the acute oi the chiomc eigotized animals, one must conclude that 
in these cases the destiuctive processes weie due to the dystonic vasculai 
conditions, that is, theie was spasm m the aitenes with dilatation and 
stasis m then teimmal capillanes I suggested that, by its interference 
with the nourishment of the tissues, tins condition is capable of behaving 
as an obtuiatmg thiombus in an arteiy 

That eigot is capable of pioducmg such effects is not strange when 
one realizes that it contains such substances as tyi amine, which causes 
marked arteual constnction, and ergotoxme, eigotamme and histamine, 
which cause marked capillary dilatation 

One hesitates to attempt the unification of these vascular and trophic 
disturbances that have been so carefully classified as sepaiate entities 
Classification dependent on symptomatic and even pathologic differences, 
however, should not mterfeie with a unification dependent on a common 
cause A difference in the lesions might depend on a difteience m the 
ergot toxm and the idiosyncrasy of the host Such maiked differences 
m pathology, clinical manifestations and distnbution is possible in many 
diseases Such marked diffeiences as between miliary tuberculosis and 
lupus vulgarus in tuberculosis make one realize the possibility that m 
eigotism theie might be such dissimilar conditions as thrombo-angntis 
obliterans and scleroderma 

19 Mahorner, H R Thrombo-Angutis Obliterans, in Brown and Allen, 
Mayo Clinic Monograph, Philadelphia, W B Saunders Company, 1928, p 54 
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Although occluding thiombi have not been obtained in om animals, 
one must remember that m human bemgs such thiombi have been 
described as occumng in eigotism, even m an organized state Such 
observations, as well as the earliei vascular changes and the vasomotoi 
and tiophic conditions that have been demonstiated, might fit some 
cases of thrombo-angutis obliteians, Ra) naud’s disease 01 erytln omelal- 
gia It may be that on closer scrutiny scleiodeima, sclerodactylia, 
deimatomyositis, acio-asphyxia, etc , will show oigamc vascular changes 

The nucioscopic lllustiations have been descnbed with a view of 
showing the possible lelationship between eigotism and the vasomotoi 
and tiophic diseases undei consideration It is hoped that they will 
help to clarify some of the impoitant questions in this aiticle 

CONCLUSIONS 

1 Some etiologic factois, symptoms, physical signs and pathologic 
manifestations have been discussed about a gioup of vasomotoi and 
tiophic distui bailees which includes thiombo-angntis obliteians, Ray- 
naud’s disease, erytln omelalagia, aciocyanosis, scleiodeima, scleiodac- 
tylia, dermatomyositis, etc 

2 The i elation of this vasomotor and tiophic gioup of conditions 
to eigotism in human beings and that expei imentally pioduced has been 
considered 

3 It has been shown that ergot infests om lye fields, occasionally 
m dangerous quantities 

4 In a study of thiombo-angntis, it has been shown that m patients 
haung this disease, i)e biead foims a laige pait of the diet A moie 
caieful study, which will con elate the diet with these vasomotoi and 
tiophic diseases, is necessaiy 

5 In view of oui knowledge of the effects of toxic eigot, it appears 
advisable to employ moie stnngent prophylactic measures, e\ ? en before 
theie is absolute pioof of my suggestion that many cases of vasomotoi 
and tiophic diseases aie due to the ingestion of eigot 
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Acute pulmonai) infections caused by the Fiiedlandei bacillus 
gioup have been known since 1882 and 1883, when Fiiedlandei 1 
descnbed the micro-oigamsra and attubuted to it the cause of pneumonia 
Aftei several yeais of conti oversy by various mvestigatoi s, Fiaenkel 2 m 
1886 described the pneumococcus as the cause of pneumonia and 
assigned the Friedlandei bacillus to the iole of a secondaiy uivadei 
So convincing was Fi aenkel’s woik that many physicians accepted it 
without qualification However, soon aftei waid, in 1886, Weichsel- 
baum 3 showed that the bacillus of Friedlandei caused 5 5 per cent 
of the cases m a senes of more than 100 patients It was neaily ten 
3'eais befoie valid confiimation of this work was pioduced by otheis, 
although many believed in it 

Some of the most acceptable repoits weie given by Etienne, 4 1895, 
Comba, 5 1896, Smith, 0 1897, Thuoloix, 7 1897, Howard, 8 1898, Beco, 9 
1899, Moisejew, 10 1900, Brmckerhoff and Thompson, 11 1901 , Kokawa 12 

' Submitted for publication, Sept 8, 1930 

’'"From the Research Laboratories of the Municipal Tuberculosis Sanitarium 

1 Fnedlander Virchows Arch f path Anat 87 319, 1882, Fortschr d 
Med 1 175, 1883 

2 Fraenkel Ztschr f klm Med 2 437, 1886 

3 Weichselbaum Med Jahrb 1 483, 1886 

4 Ltienne Arch de med exper et d’anat path 7 124, 1895 

5 Comba Jahresb u d Fortschr d path Microorg 12 101, 1896 

6 Smith J Boston Soc M Sc 2 174, 1897-1898 

7 Thiroloix Bull et mem Soc anat de Pans 11 152, 1897 

8 Howard Philadelphia M J 1 336, 1898 

9 Beco Rev de med 19 461, 1899 

10 Moisejew Bolnitschanja Gazetta Botkina 11 889, 1900 

11 Brmckerhoff and Thompson Rep Boston City Hosp 12 149, 1901 

12 Kokawa Deutsches Arch f klm Med 80 39, 1904 
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1904, Stuhlem, 13 1904, Apelt, 14 1908, Bnssaud, 15 1912, Gouget and 
Moieau, 16 1912, Mosny and Piuvost, 17 1913, Sisson and Thompson, 18 
1915, and Zandei, 19 1919 

Although theie were numeious lepoits up to 1915, Sisson and 
Thompson saw fit to include only thuty-thiee cases as completely 
studied and acceptable, to which gioup they added four Since then a 
few complete studies have been made, which include a laige senes by 
Zander 

The bactenologic obseivations have not been entirely constant All 
obsei vei s have noted a gram-negative, lound-ended, encapsulated bacillus 
growing with the production of a chaiactenstic viscid diffluent growth 
In carbohydiates of this organism the growth leactions resemble those 
of the colon-aerogenes group, but they vary from one to the other 
m the methyl red, Voges-Proskauer, lactose fei mentations and milk 
coagulation reactions 

The clinical and pathologic aspects are most commonly those of an 
acute infection with the corresponding symptoms and observations 
Most of the eaily reports dealt with such infections 

Apart from the acute infections, howevei, the micio-orgamsms have 
been isolated from conditions of the lungs of vaiying grades of chro- 
nicity, some extending ovei a peiiod of months and yeais and simulating 
pulmonaiy tuberculosis oi some othei chronic disease of the lungs 
Etienne included in his group one patient from Banti’s and one from 
Galvagni’s clinic, who lived foi several weeks Apelt 14 reported two 
fatal cases with laige cavities, one undergoing a rib resection without 
avail Cohn 20 leported one pulmonary abscess, but he did not state 
the outcome 

None of the older reports, howevei, conveyed the idea of chronicity 
that actually exists In 1926, Belk 21 reported a senes of eighteen 
cases, of which two and peihaps three weie chronic abscesses of the 
lungs of long standing In 1926, Westermark 22 was the first to call 
attention to the sunilaiity of the condition to tuberculosis, as shown m 

13 Stuhlern Zentralbl f Bakteriol 36 493, 1904 

14 Apelt Munchen med Wchnschr 55 833, 1908 

15 Bnssaud Lyon med 80 205, 1912 

16 Gouget and Moreau Bull et mem Soc med d hop de Paris 34 296, 

1912 

17 Mosny and Pruvost Bull et mem Soc med d hop de Paris 35 395, 

1913 

18 Sisson and Thompson Am J M Sc 150 713, 1915 

19 Zander, A Deutsche med Wchnschr 45 1180, 1919 

20 Cohn Deutsche med Wchnschr 19 804, 1893 

21 Belk, W P J Infect Dis 38 115, 1926 

22 Westermark, N Acta radiol 7 626, 1926 
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a case m which the patient lived for six months The patholog) and 
bactenology were lepoited by Berglund 23 In 1927, Brule and his 
colleagues 24 repoited one case of nine yeais’ duiation m which the 
disease fluctuated between a chionic condition of the lungs and penods 
of quiescence In 1929, Collins and Koinblum 25 lepoited thiee chronic 
infections of the lungs by the Fiiedlandei bacillus with lecoveiy, all of 
which lesembled tubeiculosis To this buef list of seven oi eight 
cases we wish to add another 

The patient lived foi twent) -eight months after infection, and 
piesented the observations of chionic pulmonary abscesses simulating 
tubei culosis 

REPORT OF CASE 

Histoiy — W K, aged 45, born m Poland, entered the sanitarium on Jan 4, 
1929 He had attended school for four years, had worked on a farm and had 
come to the United States at the age of 25 Since that time he had worked for 
a steel company He smoked and drank with moderation Except for slight 
colds and an operation for inguinal hernia, the past history was irrelevant The 
present complaint dated from Sept 28, 1927, when he “caught cold,” following 
which he began to cough and to have a fever There was a moderate expectora- 
tion that was sometimes blood-streaked, and the patient had lost 7 pounds (3 2 
Kg ) in weight His appetite was good , he slept and felt well, m spite of a 
rather severe productive cough 

Examination — General inspection revealed a moderately thm man with a 
pinkish-white skin that differed from the usual pale yellowish complexion of the 
tuberculous patient 

The chest presented the principal positive observations It was fairly symmet- 
rical with a slight lag on the left, the expansion was poor, tactile fremitus was 
increased bilaterally, more posteriorly, and there was dulness in the upper lobe 
of the right lung The breath sounds were diminished over the upper right and 
were slightly increased over the left There ivere a few persistent rales in the 
upper lobe of the right lung The diagnosis was “pulmonary tuberculosis, mod- 
erately advanced B ” 

There was a very small amount of sputum at this time, and the patient gained 
5 pounds (2 3 Kg ) after admission 

The roentgen examination reported by Dr Carroll E Cook on Jan 15, 1929, 
was as follows The apexes of the lungs lighted up poorly, the left better than 
the right The costophrenic angles were clear The cardiac shadow was within 
normal limits as to size, shape and position At the hilus on the right, and 
extending upward and outward, there were mottled areas of increased density 
with definite evidence of several cavities, typical of active, far advanced, pul- 
monary tuberculosis (fig 1) 

On three subsequent examinations the picture ivas essentially the same, with 
more extensive involvement and cavity formation each time (fig 2) 

23 Berglund Acta radiol 7 626, 1926 

24 Brule, M , Huguemn, R , and Gilbert-Dreyfus Bull et mem Soc med d 
hop de Paris 51 1370, 1927 

25 Collins, L H , and Kornblum, K Chronic Pulmonary Infection Due to 
the Fnedlander Bacillus, Arch Int Med 43 351 (March) 1929 




Fig 1 — Roentgenogram of chest on admission, showing an involvement at the 
base of the right lung and cavities and infiltrations in the upper lobe of the right 
lung that are almost identical to a tuberculous process 



Fig 2 — 4, roentgenogram taken on Aug 5, 1929, eight months after admission, 
showing more extensive excavations on the right with large annular shadow's with 
fluid le\ els and extension to the upper lobe of the left lung B, roentgenogiam 
taken Dec 2, 1929, two months before death, showing a still further progress of 
the disease There is little to differentiate this from an advanced tuberculosis 
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Clinical Com sc— The patient improved until June, when he experienced a 
severe attack of coughing with pain in the chest, followed by profuse expectora- 
tion of a reddish-brown sputum containing peculiar brownish flakes A persistent 
search for tubercle bacilli was negative The odor was not offensive at this time 
The cough was of a “brassy” type Although following this attack there was 
evidence of extensive destruction of the lungs, the patient did not lose strength 
in proportion to the involvement, as occurs in tuberculosis Even on the last 
day he was able to get up and brush his teeth The physical signs also were not 
in proportion to the involvement shown by the roentgenogram Toward the end 
the odor of the sputum became increasingly offensive The temperature was very 
lriegular, corresponding with what may have been septic exacerbations Some- 
times the pulse rate fell as the temperature rose, although not alwajs 

The most important laboratory observations were the continued absence of 
tubercle bacilli in the sputum in six guinea-pigs, many cultures and more than 
eighty direct examinations, as well as the persistent finding of a heavy, mucoid, 
encapsulated bacillus that was tentatively considered a member of the B mucosus- 
capsulatus group Urinalysis gave negative results, and the blood revealed only 
a moderate leukocytosis (13,000) with a nnld anemia 

The patient died on Jan 31, 1930, and a necropsy was performed within seven 
hours 

Neciopsy Obscivations — The essential features observed were as follows The 
body was that of a markedly emaciated white man, aged 46, 5 feet, 3 inches 
(160 cm) in height, weighing 105 pounds (47 6 Kg) Postmortem rigidity was 
present, and lividity was seen in the dependent portions The pupils were equal 
and measured 5 mm 

The following observations were made on the thoracic cavity and lungs The 
pleural cavities were completely obliterated by firm fibrous adhesions except at 
the bases In the lower right side of the pleural cavity there was about 500 cc 
of a foul-smelling, gieemsh-yellow pus The heart lay in the midline and was 
about the size of the patient’s fist The tracheobronchial lymph nodes were 
enlarged, and on cut section were grayish black, but showed no evidence of 
tuberculosis 

On section, the upper lobe of the right lung contained a large cavity toward 
the axillary angle, measuring 5 by 7 cm The wall was grayish black and did 
not appear to possess the usual type of granulation tissue found m tuberculosis 
The fibrous capsule over the apex was from 2 to 3 mm in thickness, and was 
perforated in a few places Anteriorly this cavity communicated in a downward 
direction with a cavity on the anterior surface of the middle lobe There was 
also a cavity in the lateral angle in the middle lobe, measuring 3 by 5 cm There 
was a small early cavity in the inner border of the middle lobe that was in the 
process of formation, measuring 1 5 cm in diameter In the lower lobe there 
were a few early cavities in the anterior portion with slight atelectasis toward 
the base, resulting from compression by fluid There was an occasional infiltration 
of the secondary lobules ranging from small, early, grayish consolidations to larger 
areas of caseous bronchopneumonia with reddish central portions Throughout 
the cut surface of both lungs there were numerous deposits of coal pigment 
measuring 3 mm m diameter and spaced about 7 mm apart 

The upper lobe of the left lung contained a large irregular cavity extending 
from the anterior througn to the posterior aspect and measuring at different 
diameters from 8 to 10 cm across It was partially filled with a grav ish-pink, 
gelatinous pus The lower lobe contained a few smaller cavities m the upper 
part, measuring from 1 5 to 2 cm toward the apex and decreasing m size toward 
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the middle of the lower lobe, where there were a few that measured from 7 to 
10 mm A few consolidations were present, as in the right lung The base of 
the left lung was relatively normal (fig 31 

The microscopic appearance of the lesions from the different parts of the 
lungs w r as as follow's An early lesion from the low'er lobe of the right lung 
showed many alveoli filled with scattered fibrin shreds containing a few lympho- 
cytes, monocytes, red cells and coagulated serum, undergoing varying stages of 
resolution with a superimposed necrosis The fibrin w'as irregular in location 
The centers of necrosis began at irregular intervals throughout the nodule and 
coalesced as the alveolar walls w'eie broken dowm The cellular content varied, 



Fig 3 — Sagittal section of both lungs anterior to the bronchi, showing large 
canties with partially epUheliahzed w'alls and smaller thm-walled cavities The 
two small sections (a) and (b) have been removed from small foci of broncho- 
pneumonia, which are repiesented in figures 4 and 5 

the majoriti of the nodules consisting of lymphocytes and plasma cells Most 
of the blood cells in the aheoli were laked, and the vessels appeared engorged, 
bright red and homogeneous In the older necrotic centers there w r ere more poly- 
morphonuclear s, increasing in some parts to 75 or SO per cent of the cellular 
content, and appearing like acute miliary abscesses superimposed on the more 
chronic lesions (figs 4 and 5) 

A moderately advanced lesion showed the walls of the alveoli broken through 
and most of them destroyed by necrosis , irregularlv throughout the margin of 
the lesion there w'ere layers of fibrin with only a few' cells and laked red blood 
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cells packed within the remaining alveolar walls Earlj ulceration uas present 
in the interior The border of the lesion was sharplj demarcated from the sur- 
rounding lung tissue 

An advanced lesion showed the walls of the larger cavities m the upper part 
of the lower lobe composed of an irregular wall of granulation tissue, beneath 
which were burrowing miniature abscesses composed chiefly of leukocjtes laning 
in the percentages of each variety in different locations As a whole, the earh 
formations Mere nearly all lymphocytes, but polymorphonuclears seemed to come 
later, and appeared to hasten the necrosis and ulceration 



F'S 4 — A high, dry, microscopic field of a bronchopneumomc focus, showing 
the beginning of the stage corresponding to gray hepatization Some alveoli at A 
were filled with a thin material containing scattering monocytes and a few fibrin 
shreds At B is an alveolus in which an infiltration of lymphocytes and poly- 
morphonuclears has begun along the alveolar wall and has extended into the 
center of the mass The alveolar wail shows a beginning disintegration at C 
Hematoxi lin and eosin stain , reduced from X 240 


In a section of the wall from the inner to the outer border of the cavity there 
was a layer of loose debris composed of broken down cells of all Pipes (poly- 
morphonuclears, lymphocytes, monocytes, “foam cells,” etc) and fibrin Beneath 
this was a lajer of granulation tissue about 0 5 mm thick, the inner border of 
which was necrotic and protruded in some places into polypoid projections which 
had layers of squamous epithelium over them in some places, and cuboidal or 
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columnar epithelium in others In this lajer were newly found blood vessels, some 
of which were engorged and apparently undergoing thrombosis Many lympho- 
cytes, a few polymorphonuclears, fibroblasts and more adult connective tissue were 
also present Beneath this layer was a layer about 0 5 mm in thickness of com- 
pressed and extinct alveoli, with heavy strands of pinkish-stained connective 
tissue In and beneath this lajer were cells of all types desquamated alveolar 
cells, “foam cells,” phagocytes containing coal and iron pigment, with a blending 
into the abscesses described Emphysematous blebs were occasionally present 
The arterioles were undergoing endarteritis On oil-immersion examination, many 



Fig 5 — A high power view of the edge of a slough, showing polymorplio- 
nuclears and monocytes containing a few r bacilli and numerous free bacilli Gram 
stain, reduced from X 1,450 


round-ended bacilli could be seen, a few of which v r ere observed within poly- 
morphonuclears and monocj tes They had thick capsules when found within the 
monocjtes and appeared like vacuoles containing bacteria (figs 6 and 7) 

The bronchi draining the larger cavities and leading to the new foci had a 
mucosa that showed varying degrees of ulceration In some places the mucosa 
was entirely denuded, with an infiltration of the submucosa with lymphocvtes and 
only a few polvmorphonuclears A Gram stain of the section revealed numerous 
large gram-negative bacilli throughout the lesions An acid- fast stain was nega- 
tive for acid-fast bacilli 
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The bacteriologic observations were of equal interest 

While examining specimens of sputum, one could not help observing many 
heavily encapsulated bacilli with rounded ends This micro-organism was present 
in the sputum in an almost pure culture, and there was no difficulty in isolating it 
The same organism was isolated from the urine of the patient just a day before 
death, and once directly from the abscess of the lung at the postmortem 
examination 



Fig 6 — The wall of a large cavity, showing a simultaneous regeneration of 
epithelium by metaplasia at a and abscess formation at b Hematoxylin and eosin 
stain, X 69 


The micro-organisms isolated from the sputum, urine and abscesses of the 
lungs were identical in every respect The cultural studies were made from a 
single colony fished from a twenty-four hour lactose plate 

The fermentation of i arbohydrates was studied on agar slants containing 1 
per cent of the carbohydrate and the double indicators — bromcresol purple and 
cresol red It fermented arabinose, rhamnose, xylose, dextrose, galactose, leuilose, 
lactose, maltose, sucrose, sahcin, glycerin, mannitol, sorbitol and adonitol with 
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acid and gas, both aerobically and anaerobically Raffinose and starch were fer- 
mented only in the butt aerobically, but throughout anaerobically Dextnn, inulm 
and dulcitol gave negative reactions 

It is interesting to note not onlj that the micro-organism grows as veil anaer- 
obically as aerobically, but that the reactions in carbohydrates were found to be 
more pronounced while the organism was growing in anaerobic conditions This 
was especially noticeable m the beginning Other details of the biology of this 
micro-organism were as follows The Gram stain was negative The growth on 
agar slants was very mucoid, stringy and almost diffluent Litmus milk was 
acidified within from eighteen to twenty-four hours, and coagulation took place 
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Fig ^ A- higher magnification of the metaplasia of epithelium, showing the 
field outlined m the rectangle in figure 6 Hematoxylin and eosin stain , reduced 
from X 470 


after forty-eight hours Indol was not produced Nitrates vere reduced to 
nitrites Urea was not decomposed The methj 1-red test gave positive results 
The Voges-Proskauer teH gave negative results Citrate was utilized These 
last three tests were repeated eight times, aluavs with the same results Gelatin 
was not liquefied The growth had a typical “nailhead” appearance Hydrogen 
sulphide was not produced 

The motility was studied with broth cultures Examination of hanging drops 
was made after eight, twelve, fifteen and eighteen hours of incubation, and all 
of the tests gave negatn e results 
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Capsules were easily seen in the specimens of sputum with the methylene blue 
(methylthionine chloride, U S P ) stain However, while the properties of this 
organism were studied, it was grown on milk agar slant for eighteen hours, and 
was then examined for the formation of capsules by the india ink method With 
this preparation wide capsules were observed Hemolysis was not produced 
Growth appeared within twenty-four hours on potato, but growth was poor on 
this medium There was no formation of gas 

Pathogenesis — Mice, rats, guinea-pigs and rabbits were inoculated with broth 
culture The mice died within from thirty-six to forty-eight hours after the 
subcutaneous injection of 01 cc Subcutaneous injection of 0 5 cc killed 
rats within three days An mtraperitoneal injection of 1 cc killed guinea-pigs 
within thirty-six hours, while on subcutaneous injection only local abscesses devel- 
oped, which ultimately healed Intravenous injection, it seems, is only slightly 
pathogenic for rabbits 

Cultures from the heart’s blood of mice, rats and guinea-pigs always yield a 
luxuriant growth of gram-negative bacillus, identical to the one that was 
inoculated 

Pathologic Observations — The pathologic condition in mice and rats was simi- 
lar There was an extensive edematous infiltration for 1 or 2 cm around the 
needle puncture The peritoneal cavity contained a mucoid pus There were 
miliary abscesses in the liver and kidneys, the spleen was slightly enlarged and 
dark red The lungs were hemorrhagic, but not consolidated There were cystitis 
and pyelitis 

From the various obsenations we were able to give an abbreviated anatomic 
diagnosis, as follows chronic multiple pulmonary abscesses of both lungs with 
progress toward the base, presenting various stages of evolution from small foci 
of bronchopneumonia to large, thick-walled cavities, produced by encapsulated 
micro-organisms belonging to the Friedlander bacillus group, empyema of the 
right pleural cavity, with fibrinous pleuritis and atelectasis of the base of the 
lungs , obliterative pleuritis of the apexes of both lungs Other incidental observa- 
tions were hypertrophy and the deposit of coal pigment in the tracheobronchial 
lymph nodes, brown atrophy of the heart, slight fatty changes and marked 
passive congestion of the liver, spleen and kidneys, cloudy swelling of the liver 
and kidneys , acute splenic tumor , slight hyperplasia of the thyroid and atrophy 
of the prostate and right testis 

COMMENT 

The featiue of the case reported is that it lepresents a chiomc 
type of infection with Fuedlandei’s bacillus, which may be represented 
by a series of infections ranging fiom one day to many years It seems 
logical, theiefoie, to follow the time-honoied system of dividing the 
piocess into acute and chronic phases 

In oidei piopeily to undei stand the lattei, it will be of advantage 
to detail the impoitant obseivations m the formei The most complete 
woik on the acute disease has been done by Moisejew, Kokawa, Stuhlern, 
Bnssaud and his colleagues, Apelt, and Sisson and Thompson, among 
otheis, each group of which leported a senes of cases Some of their 
obseivations will be descnbed, especially the pathologic ones 
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In 1900, in lepoiting fire cases, Moisejew 10 compaied this type of 
pneumonia to the thiee stages of cioupous pneumonia, and showed 
sti ikmg and charactei istic diffeiences This foim begins without a 
tiue stage of led hepatization Although a few fibim plugs and led 
blood cells may be present, the cut stuface is geneially giay, senntrans- 
paient, nongianulai and viscid fiom the beginning, owing to the masses 
of encapsulated bacilli and thick mucoid capsules On fiesh section 
theie is a “buint-meat” odoi Secondaiy foci of hepatization anse 
fiom the pnmaiy, and undeigo the same stages of evolution, which 
have the following chaiactenstics the alveoli aie dilated, with a granulai 
edema containing scanty fibnn, scattering leukocytes and “alveolar cells’ 
(monocytes) with many bactena m then protoplasm The blood vessels 
aie engorged, especially on the penpheiy of the hepatization Some 
alveoli contain blood In the next stage, couespondmg to the stage 
of giay hepatization of cioupous pneumonia, the giay centeis are due 
to the leukocytes invading the alveoli, usually along the walls, leaving 
the central mucoid mass The blood -vessels become constncted, and 
the alveolai walls become mfiltiated with leukocytes Neciosis finally 
develops, owing to this avasculanty In the led penplieral zone, the 
alveoli aie of diffeient sizes, and contain a lecent cellulai exudate, 
bactena, mucoid masses and led blood cells The alveolai walls aie 
thinnei and contain less leukocytes, but the capillanes aie filled with 
blood that becomes coagulated and plugged with fibun, and ultimately 
form solid thrombi that lead to neciosis, hemonhage and abscess This 
conesponds to the state of lesolution of croupous pneumonia 

In 1904, Kokawa 12 repoited work on fouiteen cases, nine of which 
weie complete Although Ins observations difiteied fiom those of 
Moisejew m certain features, theie was a common likeness Kokawa 
stated that the cut surface is gianulai As a geneial lule, theie is less 
fibrin than m ordinary pneumonia, but theie aie still enough fibrin 
plugs to give a granulai appeal ance in places, but not enough to give 
it the appearance of lobai pneumonia He described the megulai 
position of the fibrin aiound the walls of the aheoli and thiough the 
“poies ” He also emphasized the led coloiation moie and peihaps 
gave a moie comprehensire idea of the condition, due, no doubt, to 
Ins greatei amount of matenal 

In 1912, Bnssaud and his colleagues 15 leported nineteen cases and 
added little to what had been given befoie They giouped the cases 
in three groups, namely those like true lobar pneumonia , those like 
confluent bronchopneumonia, and, the most common, those that are 
called pseudopneumonia, m which a large pait oi all of a lobe may 
be lmolved as one focus, but m which the boideis aie megular and 
distinct from a lobai piocess These authois expiessed the belief that 
the obseivations aie lathei specific and chaiacteristic 
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In 1915, howevei, Sisson and Ihompson, 18 m lepoitmg torn cases 
said that the} thought that no one featiue ma\ distinguish this form 
of pneumonia from the pneumococcus t}pe, \et ceitam chaiactenstics 
taken together aviII make the process easy to lecogmze Then obsena- 
tions m geneial agiee with the otheis mentioned 

Fiom a clinical standpoint the disease is not so definite Bnssaud 
cited Letulle and Lumieie, who divided it into tvo clinical gioups 
(1) atypical “pseudopneumonia,” as pieviously descubed, and (2) like 
tcpical pneumonia, with l ecovei \ (Wiens, Schmidt), following smgieal 
mteivention and lecmeiy (Lenhartz), or, moie commonl}, b\ death 

The ph}sical findings lepoited aie meagei , Weill 20 and his 
co-woikeis lepoited the findings onh of engoigement with absence 
of flatness, bieath sounds and subciepitant idles These atypical obsei- 
vations aie due no doubt to the mucoid matenal that obstiucts the 
smallei an passages The same authoi lepoited that the imohement 
shown by loentgen shadows is not the tnangles typical of pneumonia, 
but is moie ciicumscnbed 

The clinical couise of the disease is often chaiactenstic Theie aie 
usiialh a sudden onset and a lapid couise (fiom two to fi\e dai s ) , 
and usuall} theie is no chill oi heipes labialis The tempeiatuic is 
usually nregulai , theie aie a piofound intoxication, cough pam m the 
side and a pmkish-biown sputum containing encapsulated bacilli within 
and without the monoc)tes Dyspnea is a constant, giace SAinptom 
Death comes suddenly The opinions of many phjsicians ma\ be 
summarized m the woids of Sisson and Thompson, who said that 
“Geneial weakness, coma, signs of caidiac and respnaton failuie all 
come suddenly and aie outspoken The fiequency of the \aiious lobes 
involved is of little impoitance The outcome is neaily alwais fatal, 
death coming with little piemomtion ” 

Some authoi s, namely Netter, quoted by Etienne (twehe cases) 
Bnssaud (nineteen cases) and mam otheis, consideied it ah\a\s fatal 
Loid 27 said that m no established case had the patient e\ei ieco\eied 
On the other hand, Zandei 11 leported an epidemic m which onh 35 
pei cent of the patients died This lepoit is stiikmg m that the disease 
assumed epidemic piopoitions, and for that reason should be looked 
on m a different light than the spoiadic unfavoiable cases m which the 
moitahty late is veiy high Theiefoie, it does not seem justifiable to 
considei every case of Fnedlandei’s pneumonia as fatal because the 
eailv complete lepoits aie on fatal cases It is not consistent with 

26 Weill Lyon tried 122 133, 1914 

27 Lord Diseases of Bronchi, Lungs and Pleura Philadelphia, Lea & 
Febiger 1915, p 234 
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the epidemiology of the disease and besides many lecoveries are not 
studied 01 even suspected As we have mentioned, many cases become 
chronic, and in some the patients aie repotted to have recovered 

The chiomc t\pe of infection, the one about which we are most 
concerned in this lepoit, is 1 datively less common It is variable in its 
cotuse The clinical and pathologic manifestations vary from the acute 
form pieviously descnbed to a chiomc fibioid disease of years’ duiation 
Many authois speak of a tendency towaid the foimation of abscesses, 
but refeiences to such a symptom aie not common in cases in which 
complete woik has been performed Only the relatively lecent work 
is sufficiently complete to give a clear idea of the type of chionicity 
assumed by some of these infections 

In 1926, the cases of Belk 21 weie completely lecoided, except that 
no piotocols weie given to show the type of micio-oigamsms present 
fuitlier than a “Fnedlandei bacillus” He mentioned one impoitant 
chai actei istic that is omitted by most authors, namely, that the abscesses 
are not foul-smelling This is true at the beginning Moisejew and 
otheis mentioned an odoi of burnt meat m the fresh specimen, but 
the chiomc lesion seems to have little odor until late in the disease 

In the case of Westennark, repoited by Beiglund, theie was a 
relatively complete bactenologic and pathologic report Fiom this 
patient a micro-oiganism was isolated fiom a prostatic abscess It 
produced an abundant, yellowish-gray, glassy giowth on potato The 
author did not mention the foimation of gas Dextiose bouillon is the 
only sugar mentioned, and that sugai pioduced acid and gas There 
was a typical nailhead giowth on gelatin It was pathogenic to mice, 
rabbits and guinea-pigs inti apei itoneally, but one labbit suivived subcu- 
taneous injection The dosage was not stated Othei culture leactions 
aie chai actei istic oi aie not lepoited, which is tiue for the Voges- 
Pioskauei and methvl-ied leactions 
The gross pathologic changes were rather chai actei istic of a confluent 
bronchopneumonia with abscess formation Microscopically, the alveoli 
contained an exudate consisting of polymoiphonucleais, “alveolar 
| epithelium” and a few lymphocytes Theie was a thin network of 
fibrin, and m places there were many led blood coipuscles Many 
aheoh contained masses of encapsulated bacteria Tbe alveolar walls 
weie destiojed m places, and only leukocytes, bactena and mucus were 
found The walls of the cavity consisted of well diffeientiated bundles 
of collagen-bearing connective tissue No remnants of bronchial walls 
could be found m the walls of the cavity Theie was no evidence of 
tubeiculosis This report lesembles ours, so fai as the data given aie 
concei ned 

In 1927, Biule, Huguemn and Gilbert-Dieyfus 24 leported a case 
that began with a chill pam m the side, dyspnea, elevation of temperature 
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cough and expectation of a gieenish sputum se\eial times a da\ The 
condition gradually became worse, the sputum became blood\, and the 
couise extended oiei a penod of nine yeais u ith numeious 1 emissions 
A rathei chaiactenstic Fuedlandei’s bacillus was isolated, a -vaccine 
fiom which seemed to help somewhat, but the nnpio\ement was not 
peimanent On physical examination during the patient's last illness, 
a noimal peicussion note was obseued, the light side was painful on 
palpation and dry idles w^ere noted on the left side opposite the veitebiae 
and at the base with a bionchial souffle at the apex On the light 
theie w'eie lhonchi that changed to sonorous idles on subsequent exami- 
nations Patches of fine rales w r eie heaid at ceitain places Roentgen 
obseivation showed a unifonn giay on the left, and a biushhke shadow*- at 
the base of the light lung, which suggested bronchial dilatation The 
uppei lobes w^ere opaque, but not homogeneous, with a gia\ apex and a 
daik shadow^ beneath, which without caieful loentgen obsenation would 
be consideied an mcisuial lesion 

The gioss pathologic obseivations revealed lesions of a chionic 
cmhosis of the lungs with dilated bionchi and cavities blending into 
acute foci of bionchopneumonia Micioscopic lesions weie chaiacter- 
lzed by peribionclnal fibrosis with numei ous lymphocytes and plasma cells 
The epithelium w^as noimal, flat or in layeis showing tiue metaplasia 
In the Abiotic apex of the light lung there was marked vascular and 
paienchymal scleiosis with lymphocytes, plasma cells and miliau foci 
of polymorphonuclears The lesions appeared in crops 01 “echelons ” 

Collins and Koinblum 25 discussed the acute type m which death 
intei venes within fiom twenty-four to foity-eight hours, and lepoited 
thiee cases of the chronic type The loentgen observations showed 
lesions of bionchopneumonia that were gradually coalescing to foim 
pseudolobar pneumonia It differed fiom the lobar foim m not being 
so dense, it was not limited to one lobe, and was more intense at the 
penphery The cavities were thin- walled and differed from those seen 
m any other condition except peihaps in chionic influenza In the 
healed cases there was marked fibrosis The authois divided the process 
into foui stages bronchopneumonia, pseudolobar pneumonia, abscess 
formation and fibrosis They believed that the chionic piocess should 
be consideied a disease entity 

Bactenologically, the micro-oigamsm that u r e isolated did not cone- 
spond in eveiy way to the usual t>pe of Fnedlandei’s bacillus The 
typical mucoid growth on agai, the piesence of laige capsules, the 
inability of the oiganism to liquefy gelatin or to pioduce indol and the 
souice fiom which this oiganism w^as isolated suggested that it is 
closely 1 elated to B pneumonia of Fnedlander There is however, 
consideiable conti oversy as to what should be considered a Apical stiain 
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ot Fnedlandet’s bacillus Many authois (Stiong 2b in 1899, Pei kins 20 m 
1904, Howard s m 1898, AVilde, 30 and Coultei 31 m 1917) descnbed the 
typical strain as lactose-negative, while otheis ( Gi lmbert 32 m 1896, 
Nicolle and Hebei t 30 in 1897, and Topley and Wilson 34 m 1929) con- 
sidered it capable of fennenting lactose with acid and gas, and there are 
still others (MacConkey 33 in 1905, and Castellani and Chalmers 30 in 
1919) who leported acid but no gas m lactose Authois who consideied 
the typical strain of B pneumonia of Fnedlander to be lactose negative 
lepoited it also as not capable of pioducmg coagulation m milk Oui 
strain constantly pioduced acid and gas in lactose, and coagulated milk 
within forty-eight houis 

Then it is not clear whethei a typical stiam should be methyl-red 
negative and Voges-Proskauei positive, oi vice versa There aie dis- 
agieements on this point among ceitam authois Our strain gave a 
positive leaction to the formei and a negative one to the lattei It 
also utilized citiate, which is unusual foi a stiam that does not give 
a positive reaction to the Voges-Proskauer test Howevei, the last 
observation is m accoid with the obseivation of Edwaids, 37 who stated 
that the relation of the methyl-red and the Voges-Proskauer tests to 
citrate, which usually exists m the B coh-aei ogcnes gioup, has not 
been demonstrated with strains of encapsulated bacilli fiom human 
souices 

In conclusion, infections by the Fnedlandei bacillus should be 
consideied chiefly fiom the standpoint of a lather extraoi dinary paiasite 
The most impoitant factois seem to be (1) the laige number of bacilli 
with then heavy mucoid capsules that act as a foreign body and aie 
difficult to cope with and (2) what appears to be a toxin of variable 
but undoubted potenc) As a result, the different strains possess differ- 
ent degrees of virulence foi each host, and, owing to this difference 
no doubt, the disease luns a fulminating, a subacute oi a cluonic couise 

All of the vanous types of the disease (lobar, confluent lobulai, lobu- 
lai or “pseudo” pneumonia) piesent the same general obseivations with 

28 Strong Centralbl f Bakteriol 25 49, 1899 

29 Perkins J Infect Dis 1 241, 1904 

30 Wilde Centralbl f Bakteriol (pt 1) 20 681, 1896 

31 Coulter, C B J E\per Med 26 763, 1917 

32 Grimbert Ann de l’Inst Pasteur 9 840, 1895, 10 708, 1896 

33 Nicolle and Hebert Ann de l’Inst Pasteur 9 67, 1897 

34 Topley, W W C, and Wilson, G S The Principles of Bacteriology and 
Immunity, New York, Wilham Wood & Company, 1929, vol 1, p 461 

35 MacConkey J Hyg 5 333, 1905 

36 Castellani, N , and Chalmers, J E Manual of Tropical Medicine, London 
Balliere, Tindall & Cox, 1919, p 934 

37 Edwards, PR J Bact 15 245, 1928 
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only two vai table factois, namely, the extent and the age of the lesions 
1 he typical couise of the lesion, whethei it is a small lobule 01 a whole 
01 a pait of a lobe, is an invasion of the mucoid bacilli into the bion- 
cluoles and alveoli, with the prompt exudation of a thin fluid containing 
scanty flbnn and a model ate numbei of monoqtes that piomptl) begin 
to engulf the bacilli These phagocytes appeal stuffed with the lacuoles 
of mucus that coalesce as the bacilli aie destioyed The alveolai blood 
\essels then become engoiged with led blood cells, and some of them 
luptuie m places, leaving scattenng led coipuscles This conesponds 
to the led stage of hepatization in pneumococcus pneumonia It iaiel) 
has an appeal ance of a tiue led hepatization, but is a moie smooth, slimy, 

3 ellotvish gi ay, with a daik led zone wheie the blood vessels aie engoiged 
and luptuied The led color is due to the engorged blood ’lessels, the 
Hue hemonhage and the scattenng flbnn, and not to the extensive 
flbnn and extiuded led blood cells as in pneumococcus pneumonia 
Following this “red” stage is what conesponds to the giay stage m 
which polymoiphonucleais mfiltiate along the alveolar walls and pene- 
ti ate the alveolai plugs as w r ell as the alveolai w^alls, where a ti emendous 
dilatation of the vessels occuis, followed by tlnombosis and an lmpau- 
ment of the cn dilation This stage is then followed by lesolution, which 
moie fiequently tennmates in neciosis with sloughing, hemonhage and 
the f oi mation of abscesses and cavities In the extiemely acute infection 
this piocess may extend over the whole lobe at neaily the same time, 
■with death intei veiling before the giay stage is developed This is 
lepiesented by the tiue lobai types The more slowdy developing lesions 
occur not only m ciops of different ages (lesions en echelons) but they 
have zones of diffeient ages within the individual lesion fiom the center 
to the penpheiy as the lesions spiead There are usually all stages 
existing m the same patient and in the same lesion The vai ymg gi ades 
of chiomcity then ensue with polymorphonuclears, and the giadual 
substitution of lymphocytes, plasma cells, fibi oblasts, fibrous tissue and 
epithelialized cavities, as descnbed befoie 

SUMMARY 

The clinical course and the pathologic and bacteiiologic obseivations 
of a fatal, chiomc infection with Friedlander’s bacillus aie descnbed 
The micio-oigamsm differed from that ordinal fly descnbed, m that it 
grew as v r ell oi better anaei obically as aerobically, it giew pooil} on 
potato medium, it feimented lactose with acid and gas, and it pioduced 
coagulation m milk 

The pathologic condition was that of a subacute to chiomc broncho- 
pneumonia with piogiessive necrosis and abscess formation exhibiting 
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a \aned type of cell reaction that vaned fiom lymphocytes, monocytes 
and plasma cells to focal abscesses of pol^moiphonucleais 

Fibroblasts and connective tissue appealed about and within the 
older lesions, and the walls of the cavities became lined with metaplastic 
cuboidal or squamous epithelium An impoitant featuie of the disease 
is the continuous succession of lesions, usually from the apex to the 
base of the lung, each of which passes thiough the same evolution and 
changes from the acute (descnbed by Moisejew, Kokawa and others) 
to the chionic foim already outlined 

The clinical aspects closely simulated chronic pulmonaiy tubeicu- 
losis, diffenng from it only in the geneial appeal ance of the patient, 
the lriegulanty in tempeiatuie and the obscuie physical obseivations 
The loentgen obseivations lesemble those noted in chionic pulmonan 
tubei culosis 



STREPTOCOCCIC SEPTICEMIA WITH VASCUL \R 

LESIONS - 

J M STRING, MD 

AND 

K SEMSROTH, MD 

PITTSI’LHGH 

This lepoit of a case of sti eptococcic septicemia, piesenting an 
unusual clinical couise and at autops) showing a vasculai lesion in 
seveial oigans, ments caieful consideiation 

REPOltl or A CASE 

— \ Negro, aged 32, entered the hospital with the sole complaint of 
pain m the lower portion of the hack He believed himself to have been in 
perfect health until three weeks before admission, when, while at work, he 
lifted some heavy metal and experienced a sudden, severe pain in the lou'er 
portion of the back The persistence and radiation of the pam w'ere characteristic 
of acute strain The only additional symptom was nocturia twm or three times, 
which the patient insisted had commenced subsequent to the injun 

The past history was unimportant except for several attacks of tonsillitis cov- 
ering a period of vears, gonorrhea eighteen rears, and trauma to the right knee 
eight rears, before the present examination It is of considerable intei est that 
this man did general rvork in a brass factory where, much of the time, he handled 
objects rveighing 100 pounds (45 4 Kg) or more without experiencing am symp- 
toms 

£\ animation — Physical examination on admission to the hospital, three weeks 
after the onset of pain, showed persistent tenderness orer both sacro-iliac joints 
and the lumbar muscles, which confirmed the obvious diagnosis of acute strain 
of the hack This condition responded promptly to orthopedic measures, and 
became entirelr negligible within a ferv days 

Complete physical examination showed a rery black Negro of excellent 
phrsique, sitting m bed without distress He rvas mentally alert and cooperative 
I he temperature w’as 99 F, the pulse rate 90 and the rate of respiration, 20 The 
upper and lower teeth were much diseased and partially destroyed The tonsils 
were moderateh enlarged and, together with the pharynx, were swollen and 
diffusely injected The left tonsil was covered with a thin, whitish exudate A 
few r small, nontender, cervical glands were palpated The lungs w r ere noimal 
In the examination of the heart, the apex impulse was seen and felt in the 
fifth space inside the nipple line A rub was felt o\er the lower part of the 
precordium to the left of the sternum The left and right borders and the area 
of supracardiac dulness w'ere not increased on percussion At the apex, the first 
sound was loud, became accentuated and passed into a harsh systolic murmur 

* Submitted for publication, Sept 3, 1930 

From the Medical Senice and Institute of ratholog\ of the Western Penn- 
s' Kama Hospital of Pittsburgh 
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The weak second sound was followed by a definite pause and then later in the 
cycle by the appearance of a low-pitched diastolic murmur At the base, the 
pulmonic second sound was greater than the aortic A soft systolic but no diastolic 
murmur was heard The precordial rub was audible in the area over which it 
was felt The heart was rapid, at this time 120, but perfectly regular The 
blood pressure was 118 systolic and 90 diastolic Palpation of the abdomen was 
unsatisfactory owing to voluntary spasm, but, at a subsequent examination, the 
spleen was definitely felt On the basis of these observations, a tentative diag- 
nosis of rheumatic heart disease, pericarditis, mitral stenosis and questionably 
actne endocarditis seemed justified 

The laboratory studies of the blood were consistent with the diagnosis of a 
rheumatic vascular process The Wassermann reaction was negative The red 
blood cells were 2,400,000 with 50 per cent hemoglobin, and the white blood cells 
were 6,300 with a differential count of polymorphonuclears, 78 per cent, lympho- 
cytes, 14 per cent, transitionals, 6 per cent, and eosinophils, 2 per cent The red 
cells showed moderate amsocytosis but no other feature An essentially similar 
blood picture was obtained four days later, although the white count on this 
occasion was 9,000 Sti eptococcus vmdans was readily cultivated from the blood 
stream An electrocardiogram showed low potential in all leads especially I 
and III , the rate, 100 , the rhythm, regular , P-R interval, 0 15 , R diphasic m 
leads II and III, and high T complexes in leads II and III The obsenations 
of the urine were, however, unexpected Three examinations gave specific gravi- 
ties of from 1013 to 1015, a heavy trace of albumin, from 10 to 35 red blood 
cells per high power field, from 3 to 12 white blood cells per high power field, 
and from 1 to 10 granulai casts per low power field Phenolsulphonphthalein 
dye was not eliminated m two hours and ten minutes on two tests made three 
days apart The Mosenthal test showed marked fixation in the urine of both 
gravity and volume, with an increase of volume at night over that during the day 
In five of the nine specimens, the specific gravity was 1 015 , m three, 1 014, and 
in one of the specimens collected at night it was 1 012 These observations of 
the urine were suppoited by chemical analysis of the blood which gave nonprotein 
nitrogen, 162, creatinine, 8 8, and carbon dioxide-combining power, 32 

Cota sc — The clinical course during the first two weeks of the patient’s stay 
in the hospital of eighteen days proved uneventful The patient was symptom- 
free and, since his back was better, insisted that he should be up and about The 
clinical chart showed a maximum temperature of 100 4 F on two occasions at 
the time of entrance, and no other observations above 99 8 F in spite of a throat 
which was obviously inflamed for several days The rate of the pulse varied 
from 106 to 86 during the first week and after that remained between 68 and 92 
The blood pressure increased slightly from 118 systolic and 90 diastolic to 126 
sj stolic and 94 diastolic However, the daily cardiac examinations showed con- 
siderable variation in the location and intensity of the rub and of the murmurs 

The death of the patient was as rapid as it was unexpected Four days before 
death, he complained of slight nocturnal dvspnea Obvious dvspnea appeared 
only two days before death, but the patient remained alert and made no com 
plaints although he w r as not as energetic as previously The acute stage lasted 
less than eighteen hours The dyspnea increased, he became irrational, and his great 
strength seemed to melt aw^ay The pulse did not vary significantly, although the 
temperature became subnormal The blood pressure rose slightly to a maximum 
of 136 systolic and 90 diastolic As the coma increased respiratory distress .vas 
the predominant feature The terminal picture w f as typical uremia 
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'lutopty — Autopsy was performed foui hours after death As the interest 
centers chiefly around the lieart and kidneys, a report of the detailed gross and 
microscopic examinations of these organs are gneu 

The lieart showed moderate hypertrophy of the left ventricle The subepicar- 
dial 7 onc of the wall of the left \entnde showed a great mam pale yellow or 
\ello\vish-\vhite, firm patches, most of which were indistinctly circumscribed 
Scleiosis of the mitral vahe together with its chordae tendinae was present 
Several groups of minute, pinkish-gray excresences yvere present along the line 
of closure of the mitral valve with considerable hemorrhagic infiltration of the 
adjoining \ahular substance There yvere no gross lesions of the remaining 
yalves 

On microscopic examination, the mitral valve yvas found to be the seat of a 
chronic productive inflammatory process with marked vascularization of the 
valvular substance The latter contained groups of large mononuclear and, m 
places, syncytial cellular elements These cells w'ere hardly distinguishable from 
the cellular constituents of the typical Aschoff bodies which were present in the 
myocardium How'evei, their nodular arrangement was far less pronounced in 
the valve than m the muscle of the heart Many of the smallest vessels of the 
vahe shewed an advanced stage of a chronic productive endo\ ascuhtis leading 
to partial obliteration of the lumen Along the line of closure of the valve, 
numerous more or less focal subendothehal accumulations of mononuclear, pre- 
sumably histiocytic, cells yvere seen The centers of many of these accumulations 
of cells showed aieas of necrosis, including the surface endothelium, although m 
many instances not covered by thrombi (fig 1) In the areas showing a more 
advanced stage of the active endocarditic process, the superficial valvular sub- 
stance was partly replaced by broad bands of a homogeneous acidophilic material 
which blended imperceptibly into the adjoining deeper collagenous fibers (fig 2). 
In view r of this behavior and of the fact that this homogeneous material did not 
extend into the overlying thrombi, but ended sharply m lines continuous with the 
adjoining endothelium, it appears reasonable to look on it as the result of a 
“fibrinoid” degeneration of the valve (Neumann 1 2 ) rather than as a penetrating 
thrombus in the sense of Ribbert - 

The myocaidium yvas the seat of a moderate number of distinct, large, cellular 
nodules which, in many instances, showed the typical architecture of the Aschoff 
body" Here and there, foci of a similar cellular composition but lacking the 
distinctive nodular arrangement w r ere found These areas were most numerous in 
the subendocardial zone and m the vicinity of the medium-sized arterioles The 
yellowish subepicardial patches, seen on gross examination, were found to cor- 
respond to areas of anemic necrosis of the muscular substance The necrotic 
areas yvere composed of the supporting connective tissue, but w"ith fragments of 
muscular substance and red blood cells scattered throughout Evidences of an 
inflammatory nature of this process yvere lacking Therefore, these areas might 
reasonably' be interpreted as recent anemic infarcts such as are frequently" seen 
in cases of coronary sclerosis Hoyyey'er, neither gross nor microscopic evidence 
of coronary" sclerosis yvas found On the other hand, numerous arterioles through- 
out the myocardium shoyy'ed a lesion of predominantly" alteratn'e character At 
intervals, subendothehal accumulations of a homogeneous, acidophilic substance 

1 Neumann, E Virchoyvs Arch f path Anat 144 201, 1896 

2 Ribbert, H , m Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatonne und Histologie, Berlin, Julius Springer, 1927, xol 2, 

p 216 
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Fig 1 — Mitral endocarditis with large cellular prohferatn e reaction and 
superficial necrobiosis, (Leitz ‘Makam , ’ magnification X 320) 



Fig 2 — Mitral endocarditis with large cellular proliferation “fibrinoid” 
degeneration of the endocardial substance and thrombosis (Leitz “Makam,” 
magnification X 320) 
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protruded into the \ascular lumen m a button-like manner 1 he tppear.mee ot 
this material closely resembled that of the homogeneous binds which were 
encountered m the adeanced lesions of the endocardium (fur 2) In some ot 
the larger arterioles, part of the media ippeared to be rep! teed In this mitt rial 
A moderate number of artenoles were practicalh obliterated In the suhcndntheh.il 
accumulation of this homogeneous substance in association with some prolifer ilion 
of the endothelium (hg 3) Since coronan sclerosis was not present the anemic 
infarcts were considered to be the sequel to the foregoing alteiatne and oblitera- 
tive arteriolar lesion 

On gross examination, the kidnces were noimal m shape although considerable 
enlarged The capsules stripped with difhculte The surface md cut sui t ice 
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Fig 3 — Alterative arteriolar lesion of the meocardium with homogenei/ation 
ot the inner laeers of the vascular wall and partial obliteration of the lumen, 
(Leitz “AJakam ’ magnification, X 320) 


were pale eelloevish pmk with innumerable, minute red dots The normal archi- 
tectmal markings cverc distinct and the cortex relatnely wide 

Microscopic sections of the ludnev showed chiomc degenerate e changes of 
the corticular tubular epithelium He aline casts were pusent in numerous tubules 
A moderate increase m the interstitial connectne tissue was apparent Signs of 
a chronic glomerular lesion were practicallv absent Eudences of an acute mfiam- 
matorv lesion w'ere found m mam of the glomeruli such as necrosis of the 
glomeuilar tufts hi caking down ot the nuclei, accumulation ot poh morpbomiclear 
leukocytes While the artenes appeared normal, most of the arterioles showed, 
lesions that w'ere closely analogous to those of the nnocardial arterioles Homo- 
genization and necrobiosis of the inner lasers of the lascular wall Mere frequently 
seen (figs 4 and 5) In main arterioles prohferatne endarteritic processes were 
pi enounced and led to a more oi less complete obliteration ot the \ ascular lumen 






Fig 4 — Alterative arteriolar lesion of the kidnev Note the ringlike homo- 
geneization of the mnei la) r ers of the vascular wall and the obliteration of the 
lumen (Leitz ‘Makam,” magnification X 320) 



Fig 5 — Arteriolar lesion ot the kidnev with homogeneization and necrobiosis 
of the intima and subendothehal laige cellular proliferation (Leitz ‘Makam 
magnification, X 320) 
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The other postmortem obscr\ ations that were of interest included iscites 
extensne obliteration of the pericardial and pleural caeitics b\ firm adhesion- 
that were fibrinous in the pericardium but fibrous in the pleural canties 1 lure 
was moderate pulmonan edema Earh arteriosclerotic changes were noticed in 
the aorta The spleen was moderateh enlarged and firm Chronic passne con- 
gestion of the Iner and a striking intramural edema of the gallbladder were 
present A culture of the blood of the heart taken at autopse grew Sti rplorocan 
vindans, thus conlirming the preMous cultures 

COMMENT 

Fiom the anatomic point of view, the piesent case of sepsis clue to 
Sh cptococcus vindans with rheumatic caichtis is unusual The patho- 
logic observations in this case deviate from those found in the majorit} 
of such cases as both the myocai dium and kidnej show an altciative 
pioductive and fiequently obhteiative aitenohtis In the muscle of the 
heart, this artenolai lesion lesulted in the formation of areas of anemic 
neciosis Alteiative aitenohtis of the myocai dium with subsequent 
neciosis of the vasculai wall w r as lefeued to by Fahi 3 as an occasional 
obsei cation in “rheumatic disease” The infiltration of the vasculai 
wall with fibnn, and the appeal ance of homogeneous masses and sub- 
sequent neciosis aie the outstanding features of the “specific” lesion of 
the pei lpheral blood vessels described by von Glahn and Pappenheim 4 
in cases of lheumatic carditis Although these authors found the t yfhffi , 
casculai lesions in but ten of foi tv-seven cases, they regard thenr/af 
specific, because, m their experience, the lesions are not found in any 
othei disease Even if the latter contention holds true, the nature of 
the vasculai lesions cannot be cvholl} undei stood by regarding them as 
specific, because the} are found onh in the minority of the cases 

Siegmund, 5 writing about the vasculai lesions in chronic streptococcic 
sepsis (Sti cptococcus vnidam sepsis), mentioned the occuuence of 
alteiative aitenal changes with neciosis of the wall of the vessel 
especially in the biain and kidnejs He w^as impressed by the close 
analogy existing between these lesions and the essential features of 
pei lartentis nodosa Not finding the changes in the majonty of cases, 
he did not look on them as specific Siegmund stated that similar 
vascular lesions may be induced in highly sensitized animals He was, 
therefore, led to the conclusion that, in his cases of chronic streptococcic 
sepsis alteiatne vascular lesions are the manifestation of a ceitam 
“state of immunity” which he designates as “hypeiergic” 


3 Fahr, T Arch f Dermat u Sypli 130 1, 1921 

4 ron Glahn, W C, and Pappenheim, A M Am J Path 2 235 1926 

5 Siegmund W Centralbl f allg Path u path Anat 35 276 1924 
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c. Close moi phologic analogies exist between penaitentis nodosa and 
the vascular lesions m the foiegomg case of sti eptococcic sepsis A 
lecently obseived case of penartentis nodosa 0 gave us occasion to 
compare those lesions with the vasculai lesions that weie descnbed in 
the present case In a numbei of instances, it was found that the eaily 
stages of penaitentis nodosa weie not distinguishable fiom the lesions 
illustiated in figuie 5 A fuithei analogy between the process under 
consideiation and penartentis nodosa may be found in the relationship 
of imading micio-oigamsm to the host Low miulence of the invading 
oigamsm is suggested by the couise of the piesent case and, in the 
opinion of competent obseiveis it is likewise an essential etiologic 
factor foi penaitentis nodosa (Giuber 6 7 ) 

Evidence of the lack of specificity of this vasculai lesion is also 
aftoided by a lecent case of chionic sepsis with a postmoitem blood 
cultuie of St) eptococcus hemolyticus This patient gave no clinical or 
anatomic evidences of lheumatic disease, but did show vasculai lesions 
of the kidne) which weie identical with those in the case now r under 
discussion 

In view' of the lepoited occuuence of this artenolai lesion by otbeis 
and of oui own expenence with it in cases of penaitentis nodosa and 
mtection due to Si) eptococcus hemolyticus, the alteiative aitenobtis 
w'hich was found in the present case cannot be looked on as a specific 
lesion of lheumatic caiditis It appeals lathei that a lelationslup may 
exist between the development of vasculai lesions of the type descnbed 
and the degree of adaptation of the invading nncio-oigamsm to the 
host 

The clinical aspects of the case tend to snppoit this conception ot 
the lelationslup of organism to host The fundamental disease w r as 
undoubtedly streptococcic sepsis, but of an intensity insufficient to elicit 
the usual signs of bod} leaction The past lustor) gives no cleaicut 
stoiy of previous streptococcic invasions At the time of admission, an 
acute condition of the tin oat w'as noted although it w'as quite symptom- 
less It is w 7 oith} of emphasis that an insidious piocess of such magni- 
tude could der^elop without a single warning symptom pnoi to a few 
days befoie death Even an anemia of 2,500,000 cells with 50 per cent 
hemoglobin did not 1 educe the actual ti anspoi tation of oxygen enough 
to pioduce s)inptoms Again the absence of significant fevei and leu- 
kocttosis in the presence of a positive blood cultuie of St) eptococcus 
vu idcins is noteworthy 


6 Semsroth, K, and Koch, R Krankheitsforschung 8 191 1930 

7 Gruber, G B Virchows Arch f path Anat 258 441 1925 
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Anatomical!} the charactenstic lesion of the disease oecuricd m 
the endothelial and subcndothehal stiuctures ot the \ahes oi the hcait 
and small aiteiies of the myocardium and kidneys The endocardium 
and the m)oeauhum weie giossh damaged Although one ma\ mfei 
fiom the appaient activih of the disease piocess that much ol the 
anatomic change developed in six weeks, it seems piobable that the 
heait had been senousl) injuied foi a much longei penod The clectio- 
cardiogram that was taken a w r eek befoie death showed little in conti ast 
to the advanced pathologic changes Low' potentials m leads I and II 
w r eie the outstanding phemonena The chaiactenstic alteiation of the 
R-S-T intei val wdnch is fiequenth associated with the localized 
mjocaidial degeneiations of coronaiy disease w r as not found 1 hi^ 
obseivation seems significant in view' ot the numeious aieas ot infaiction 
that w'eie appaiently due to obstiuction of the local blood supph 1 he 
obseived physical signs w'eie charactenstic of an active disease of the 
lheumatic t)pe involving the endocaichum, myocaidium and pencaidium, 
but no fcatuies w'eie noted that w'eie diagnostic of the type of piocess 
that was piesent 

Likewise m the kidney, extieme vasculai damage seemed to be the 
basis of the degeneiation Heie again how'evei , no basis w r as found 
foi the piediction of the type of anatomic change fiom am of the 
available methods of clinical examination Ihe oldei anatomic changes 
w'eie chiefly tubular and glomeiular Nephi oscleiosis w'as conspicuously 
absent These obseivations w r eie scaicely to have been expected fiom 
the maiked elevation of the nonpiotem nitiogen and cieatmine, the 
absence of edema, the fixed Mosenthal leaction and the negative phenol- 
sulphonphthalem leactions These tests piopeily i effected the achanced 
degiee of lnjuiy which the kidnc}S had sustained, but aftoided no aid 
in the identification of the t}pe of piocess lesponsible for the damage 

The clinical couise in the latei stages of the disease seemed to 
depend on the relative magnitude of imolvement of the vessels of the 
chfiteient oigans Until within a few dajs of lus death, the circulatoiy 
appaiatus as a wdiole w'as functionally adequate Likewise the kidne\s 
had adequately handled the essential waste pioducts of an umestricted 
life and diet foi an undetei mined penod In this young man with both 
heait and kidneys structuially badly damaged, the functional lenal msut- 
ficiency pioied too great, and he died of uremia In fact, it is probable 
that if he had been seen for the fiist time in the thirty-six hours before 
his death, an unhesitating diagnosis of “chronic interstitial neplu ltis 
m the teinnnal stage ’ would have been made 

The point of view' is theiefoie advanced that this case, on the basis 
of the anatomic and clinical e\idence, w r as fundamental!} one of low 
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grade sepsis in which the principal tissue leaction of the host is this 
unusual vasculai lesion The low virulence of the organism may be 
assumed to have permitted the development of the piocess foi a pro- 
longed period without the pioduction of a typical host-tissue leaction to 
infection The inevitable but latent symptomatology was therefore 
leferred to the vital organs which failed secondanly to their local 
circulatory impairment Such a process might be contrasted with “sub- 
acute bacterial endocaiditis” which is also a sti eptococcic invasion, but 
with typical septic manifestations In this disease the bievity of the 
couise might preclude the development of the charactenstic vascular 
lesions that were found in this case and, more especially, the secondary 
degeneration of the vital organs 

SUMMARY 

An unusual case of sepsis due to Sti cptococcus vmdans , with 
chiomc and acute pancarditis and chiomc and subacute nephntis is 
described 

A chaiactenstic lesion that was found in the aitenoles of both heart 
and kidneys is described at length This lesion is regarded as causal 
to the secondary degeneration of both heait and kidnejs 

The possible relationship of anatomic lesions and clinical couise 
m a case of this type to low virulence of the invading organism and the 
absence of acute reaction on the part of the host is discussed and con- 
ti asted with moi e fulminating pi ocesses 



THE CLOSED INTESTINAL LOOP 


II OBSERVATIONS ON DOGS WITH JETLNAL \M) ILE \L IOOPS 
AND CHEMICAL ANHASES OE THE BLOOD ' 

GEORGE E BLRGET , PhD 

KARL II MARTZLOFT, MD 
ROSS C B THORNTON, BS 

A XI) 

GEORGE R Sl‘ CKO W, AID 

PORTLAND, ORE 

In a preceding paper 1 a method for making an accessible closed 
loop m the small intestine w r as reported Obsenations vane made on 
the lelation of hjdraulic piessure in loops of jejunum to the clinical 
condition of the animal The pievention of intraloop piessure bv 
aspnation of the fluid at inteivals lesulted in an uneventful lecoven 
of the animal Distention of the loop without aspnation brought about 
embaiiassed cnculation, followed b\ neciosis, luptuie and death 

The piesent report is a continuation of that work including the 
making of loops in the ileum and a chemical analysis of the blood undet 
the vanous clinical conditions that arose in this experimental pioceduic 
Dogs w r eie used throughout the expenments 

EXPERIMENTAL PROCEDURE 

After entering the peritoneal cavity through a right icctus incision, a segment 
of ileum (or jejunum) was isolated with a suitable blood supply for making a 
loop from 10 to 12 cm long The jejunal loop was approximately 14 inches 
(32 53 cm), and the ileal loop, 36 inches (9144 cm), below the ligament of 
Treit7 The ends were inverted and the continuity of the intestine reestablished 
by an aseptic, end-to-end anastomosis The nndline fatty appendage was then dis- 
sected back o\er the nudhne between the xiphoid process and the umbilicus, where 
the loop was attached by its antimesenteric border over a distance of 5 or 6 cm 
with a fine silk suture which did not penetrate the submucosa The loop thus lay 
between the incision and nudlme, with its le\ el of attachment marked b\ a stitch 

'■'Submitted for publication, Aug 11, 1930 
From the Department of Physiology, Unnersity of Oregon Medical School 
Aided by Grants 149 (Van Zwalenburg) and 170 of the Committee on 
Scientific Research of the American Medical Association 

1 Burget, G E , Martzloff, K H , Suckow G R , and Thornton R C B 
The Closed Intestinal Loop I Relation of Intraloop (Jejunum) Pressure to the 
Clinical Condition of the Animal, Arch Surg 21 829 (Nov ) 1930 
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in the skin foi convenience m locating it for tapping Further details of this 
procedure will be found reported elsewhere - 

Foity-two animals were opeiated on as descubed Eighteen of these 
died within the first two weeks fiom the following causes two, pneu- 
monia, thiee, snuffles, one hernia, and twelve, pentonitis In the last 
group, loops of the duodenum weie attempted m foui animals, because 
ot the paiallel cn dilation with the intestine at this level, it seemed 
impossible to make a loop here which would be adequately nounshed 
The remaining twent\-four fifteen of which had ileal and nine jejunal 
loops, lived in good condition foi seveial weeks 01 months, and were 
seiMceable animals in the laboiatoiv 

All animals weie gnen watei fort) -eight houis after opeiation and 
tood aftei nmet)-six houis The tempeiatuies weie taken twice daily 
and liequent obseivations made of the geneial condition during the 


Tabie 1 — Picssmc Developed w Closed Loo/w of Ileum 
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postopei ative penod Little difieience 'was seen in the clinical condi- 
tion of animals with loops at difteient levels The tempeiature seldom 
lose abo\e 102 F unless infection was joiesent m the incision oi 
pentonitis dei eloped Theie was usuall) no vomiting, except when the 
loop became distended oi peritonitis was piesent The dogs were lnely 
and eageil) took food and water As a loutme aspnation was done 
fiom eighteen to twenty-four houis after opuation and as fiequentl) 
thereafter as seemed advisable from the j^revious quantity ot fluid with- 
drawn The low loops needed aspnation less fiequently than those of 
the jejunum, and as the loops became oldei, there was less tendency 
toi the low ones to become distended with fluid The hydraulic pressuie 
m the loop was measured in a number of animals duiing the ten days 
iollowmg operation Table 1 gives the highest piessures recorded in this 
penod with the amounts of fluid withdrawn from eight ileal loops 

1 he ateiage pressuie in this senes was 42 cm of water, that found 
undei similar conditions in jejunal loops w r as 39 5 cm 1 These piessures 

2 klartzloff, K H , and Burget, G E An Accessible Intra-Abdominal 
Closed Loop of Intestine Suitable for Physiologic Studies, to be published in a 
later issue 
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,u c looked on us appioximatmg a pressuic that would he cflcctnc in 
blocking the cn eolation When it is consideied th.it these loops had 
lecenth been subjected to tiaunia and that increasing piessuie mu 
twcnt\-foui 01 forU -eight hours had icsultcd in gieat distention with 
markedh stietched capillanes it becomes plausible that this amount 
of piessuie might be elieetne in matenalh embanassmg the circulation 
A much highci piessuie is leqimed m an acute expeiiment on a normal 
segment of intestine 1 As indicated be the inei eased amount of fluid 
found m the loops of the ileum, theie was gieatei distention in the ileum 
undei an equal piessuie than in the jejunum Theie aie piobabl) two 
faetois imohed to account foi this difleience These loops aie slighth 



Drawing of the loop of jejunum remo\c<l from dog 33 after thirteen months, 
with longitudinal incision showing putt\-hke material with which loop was filled 

longei because of the widei branching of the mesentenc \essels of the 
ileum and the thmnei musculatuie of the ileum allows it to stretch moie 

f 

undei a gnen piessuie 

The charactei of the fluid obtained at difieient times \anes con- 
sideiabh The hist specimens following operation aie of a daik blood 
coloi After fiom eight to ten da\s there is no blood piesent and the 
fluid is dailc gia\. with consideiable sediment If the loop becomes 
maikedh distended a laige pait of the fluid is quite cleai with sediment 

■> Dragstcdt. C \ Lang V G and Millet, R F The Relatne Effects 
of Distention on Different Portions of the Intestine Arch Surg 18 2257 (Tune) 
1929 
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only m the last poition aspnated On the contrary, loops that have 
not been disturbed for months tend to fill with a giay putty-like material, 
a chemical analysis of which has not been made The accompanying 
illustration depicts such a loop taken from dog 33 aftei thiiteen months 
The dog was in good condition when it was killed Grossly, the loop 


T\bix 2— Chemical Changes of the Blood in Dogs Following the Constuiction 

of a Jejunal Loop 
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TABLr 3 

— Chemical Changes of the Blood in Dogs Follozuing the Const i action 

of an Ileal Loop 
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appeared normal with an adequate circulation A large part of this 
matenal consisted of epithelial cells and dead bacteria 

The floia found m the ileum was similar to that m the jejunum 
Bacillus coli , Bacillus zvelchn, staphylococci and stieptococci predomi- 
nating Although the p n of the fluid m the loop vaned between 5 8 and 
8 8 this lange did not seem to affect the nature of the flora A sepaiate 
report is being made on the bacteriologic obseivations 
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That these loops function normalh w hen kept in good condition 
that is, when they are not disturbed b\ distention and the formation of 
excess fluid and are kept washed out by the injection and witlidraw.d 
of a waim phjsiologic solution of sodium chloride, seems comincmg 
from many experiments on digestion earned on by the injection oi 

Taihc 4 — Chemical Changes vi the Blood in Tzeo Dogs Without Opnation But 
Given Routine Postopci alive Caic and Time Dogs zoith End-to-End 
Anastomosis but Without Consh uetton of a Loop 
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Tabu; 5 — Chemical Changes of the Blood in Dogs zvith Ruptuicd Loops 

and Pcntomtis 
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substances into the loop and later b) the wuthdraw r al and washing out 
of the loop The unabsoibed portion indicates indirecti) how much of 
the injected substance has been taken up In order to be certain on 
this point, mam animals were killed for histologic examination of the 
loop When the circulation is good and there has been no complication 
m the clinical ieco\ery, microscopic examination of the mucosa reieals 
no changes that cannot be demonstrated m sections of normal intestine 
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The use of such loops foi expeiiments on digestion and absoiption 
seems to us to have advantages ovei the other methods used 

Since the closed loop has been used by different investigates to 
simulate intestinal obstruction, an analysis for chemical changes in the 
blood has been made as a matter of routine Eleven cubic centimeters 
of blood were diawn from the left ventncle of the heait befoie operation 
and every forty-eight houis theieafter until recoveiy Nonprotein 
nitrogen was determined by the method descnbed by Koch and 
McMeekm, 4 chlondes, according to Whitehorn 5 6 and the caibon dioxide 
combining power after the Haskms-Osgood modification of the Van 
Slyke titration method 0 Table 2 gives the lesults in dogs with jejunal 
loops, and table 3, the results m those with low loops In neither 
gioup is there an) noteworthy change fiom the noimal As a fuither 

Table 6 — Chemical Changes in the Blood roll owing Vomiting m Dogs with 
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comjiai ison, m table 4 aie given the obseivations in two noimal dogs 
and in three dogs without loops in which end-to-end anastomosis had 
been peifonned All received postopeiative caie as descnbed for dogs 
with loops The lange of vanation w r as as gieat as that m the foregoing 
gioups Table 5 shows the effect m foui dogs with luptuied loops and 
peritonitis The nonpiotein nitiogen showed a model ate use, especially 
on the day of death, and the chlondes fell, but not maikedl) Theie 
w r as slight vomiting m each case expect that of dog 48 The effect ot 
distention in an old loop to the point of lepeated loimting but not 

4 Koch, F C, and McMeekin, T L A New Direct Nesslerization Micro- 
Kjeldahl Method and Modification of the Nessler-Fohn Reagent for Ammonia, 
J 4m Chem Soc 46 2066 (Sept ) 1924 

5 Whitehorn, J C A S'! stem of Blood Anahsis, J Biol Chem 45 449 
(Feb) 1921 

6 Haskins, H D and Osgood, E E Modification of Van Sh Ice’s Method 
dor Estimating the Alkali Reserve of the Blood, J Lab & Clin Med 6 37, 1920 


BLRGLT L'l AL— CLOSED /A 7 L S 1 L\ 1L LOOP 

earned tai enough to cause gangrenous aieas with uiptuic !«• shown 
for dogs 32, 49 and 89 in table 6 There was a tendency tow aid a 
use in nonpiotein nitrogen and a fall m chlorides 1 he lack of maiked 
changes in the blood would indicate that the \onnting was caused 
reflexly b} distention of the loop This is furthei bi ought out by the 
fact that these animals will take food almost at once following with- 
dnuval of the fluid in the loop 


COMM EXT 

These obseivations indicate relativel) unimportant changes in the 
chemistry of the blood in dogs with closed loops m which pressuie in 
the loop is not permitted to bring on necrosis Theic is no marked 
toxemia and no vomiting Dragstedt 7 observed that if distention is 
idieved bv aspiration of the fluid m the loop, the toxemia is relieved 
and the blood chlondes tend to return to the noimal level While oui 
lesults in dogs in which the loop was allowed to become distended show 
a model ate fall in blood chlorides, the toxemia was not great, as indi- 
cated b} the fact that the animals would eat almost immediately follow- 
ing aspiration of the fluid m the loop It would seem that vomiting 
accounts foi the deciease in chlondes m these cases Wangensteen and 
Waldion 8 did not find a low level of blood chlondes in closed loops 
with gangrene when the continuity of the intestinal tract was leestab- 
lislied Furthei evidence on this point is shown in the dogs lieie 
reported with luptured loops and peritonitis 

CONCLUSIONS 

1 Dogs with closed intestinal loops (ileum and jejunum) have 
been kept alive for penods of from several months to moie than a 
yeai b) aspnatmg the loop and preventing overdistention 

2 Aftei the lust ten days, tapping becomes unnecessaiv except at 
infrequent mteivals The loops m the ileum aie distended less fie- 
quentl) than those in the jejunum 

3 Theie is no difference m the clinical condition during recovei} 
between animals with jejunal loops and those with loops m the ileum 

4 Closed loops m dogs that have made an uneventful recovery are 
noimal histologically, physiologically, thev digest and absorb food sub- 
stances at a normal rate 

7 Dragstedt T R Blood Chemistry in Intestinal Obstruction, Proc Soc 
Exper Biol & Med 25 239, 1928 

5 Wangensteen, 0 H, and Waldron, G W Studies in Intestinal Obstruc- 
tion IV Strangulation Obstruction , A Comparison of the Toxicitv of the 
Intestine and Other Tissues Autohzed in Vivo and m Vitro Arch Surg 17 430 
(Sept) 1928 
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5 When absorption and secretion tend to remain balanced and the 
loop is not washed out, it gradually fills with a thick, gray, putty-like 
substance 

6 The chemistry of the blood was practically normal throughout 
the uncomplicated recovery of these animals Distention of the loop 
accompanied by vomiting or rupture of the loop, with peritonitis and 
vomiting, causes some fall m the blood chlorides and a moderate rise 
m nonprotem nitiogen 



CLEAR FLUID TEST MEALS (WAFER. CAFFEINE 
SOLUTION, ALCOHOL) FOR USE IN FRAC- 
TIONAL GASTRIC ANALYSIS 1 

A L GARBAT. AID 
Attending Physician, Lenox Hill Hospital 
NUV 1 ORk 

The met its of the ft actional method of stud} mg the gastnc contents 
of the stomach have been conclusive!} established (Rehfuss 1 ) As a 
loutme office proceduie, however, I fully agiee with the lecent views 
so aptly expressed by Kaufmann 2 that a single specimen gastric test 
meal, caiefully obtained and studied, fully suffices or may even be 
advantageous for general diagnostic pui poses 01 as an index of gastnc 
secietion and digestion The fractional method should not replace, 
but supplement, the oiigmal single specimen gastnc test If one desires 
a moie detailed study of the degiee or cuive of the acid wave, then 
theie is no doubt that the extractions made at fiequent intervals elicit 
more exact information Ever} one is awaie of instances in winch the 
single exti action test meal did not reveal free hydiochloric acid, whereas 
the lepeated extractions made in the same patient showed acids at one 
penod 01 anothei The relative advantages of these two methods have 
been fully and ably discussed, among otheis. by Hmst , 3 Eggleston , 1 
Friedenwald, Gantt and Morrison , 5 Fnedenwald and Biyan, G Hubbard 
and Lichty 7 and Rehfuss 8 

When the fractional method was first mtioduced, the Ewald-Boas 
test meal, which had so successfully proved its merits m the single 
extraction method, was automatically adopted foi the fractional method 

' Submitted for publication, July 23, 1930 

^ Presented in preliminary form at the meeting of the Amencan Gastro- 
Entei ological Association, April 30, 1928 

1 Rehfuss, Af E Am J AI Sc 147 84S, 1914, Ann Clin Aled 2 55, 1923 

2 Kaufmann, J Arch f Verdauungskr (Boas Festschrift) 43 230, 1928 

3 Hurst, A F Lancet 1 111, 1923 

4 Eggleston, E L Gastric Secreton Disturbances, JAMA 83*260 
(July 26) 1924 

5 Friedem\ aid, J, Gantt, W H , and Alornson Ann Clin Aled 2 292,1924 

6 Fnedenwald, J , and Bryan, W J Presence of True Hydrochloric Acid 
in Gastric Contents in Carcinoma of the Stomach, J A M A 83 265 (July 26) 
1924 

7 Hubbard, R S , and Lichty, J A Ann Clin Aled 4 393 (Nov) 1925 

8 Rehfuss, Af E Ann Clin Aled 2 55 (July) 1923 



602 


ARCHIVES OF INTERNAL MEDICINE 


In some of the clinics abroad, however, I have observed the routine use 
of cleai fluid test meals The thiee test meals most frequently mentioned 
m the literature aie cafteme solution, alcohol solution and plain 
water In this study I should compare these with the Ewald-Boas 
test meal, as few detailed compaiative statistics exist 

The test meals studied weie 1 The Ewald-Boas test meal two 
slices of toast and a glass (240 cc ) of weak tea 2 The watei test 
meal 400 cc of oidmaiy -tap water at room temperature Distilled 
water and water at difterent tempei atures were tiled, but no outstand- 
ing differences were noted m the resulting gastnc secretion 3 The 
alcohol test meal 300 cc of a 5 pei cent pure alcohol solution 4 
The caffeine test meal 400 cc of the following cafteme solution caffeine 
purum 0 2 and water, 400 cc All of these clear test meals were colored 
a faint blue by the addition of three drops of a 2 per cent solution of 
aqueous methylene blue (Ivatsch and Ivalk 9 ) 

TECHNIC 

The usual technic for fractional test meals was employed The Einhorn 
duodenal tube was passed through the mouth into the stomach as soon as the 
patient awoke in the morning, any gastric contents possibly remaining in the fasting 
stomach were aspirated, and the respective test meal was given either by mouth 
or directly through the tube Every fifteen minutes thereafter a 10 cc sample 
was aspirated, aspiration was repeated as long as the gastric contents persisted 
The methylene blue (methylthionme chloride, U S P ) stain was employed to 
indicate when the test meal had left the stomach The contents gradually became 
a fainter blue the later they were aspirated, until finally a colorless liquid indicated 
that the test meal had entirely left the stomach The subsequent contents 
aspirated were mainly of pure gastric secretion, aspiration was continued until 
no more secretion could be obtained In this way some idea was gained as to the 
rapidity with which the contents left the stomach and the type of secretion 
remaining in the stomach after the test meal Regurgitating bile or duodenal 
contents were at once evidenced bv the change of the methylene blue to an easily 
recognizable, characteristic greenish hue 

MATERIAL TOR STUDY 

Patients were selected from the general medical ward of the Lenox Hill 
Hospital and included persons with normal digestions as well as those with 
functional and organic lesions of the digestive tract 

On three successne days plain water, caffeine and Ewald test meals, were 
given to fortv patients and the results were studied, respectivelv An alcohol test 
meal was given on the fourth dav to fifteen of the patients The results of the 
plain water test meal given alone on three successive days were studied in three 
cases Similar repeated experiments were made m three patients with the caffeine 
test meal alone, in three patients with the alcohol test meal alone and m three 
patients with the Ewald-Boas meal 


9 Katsch, G, and Kalk, H Klin Wchnschr 4 2190 (Nov 12) 1925 
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Space (Joes not permit the detailed publication of all the figuics 
or cliaits obtained in these expenments but a geneial analysis is ?iun m 
the accompanying tabic 

Jn 65 per cent (twenty -six cases) the fom test meals gate almost 
identical icsults, ic, the determinations foi the fiee and total acid* 
varied only within ten points (chart 1) In 35 per cent (fourteen 
cases) theie were -variations in the degree of acidiU as lngli as tw'enty- 
fne points, theie was, how’ever, no uniformity in these differences 
Thus, of these patients, six (43 per cent) manifested the highest figures 
for acid secretion aftei the alcohol test meal, thiee (20 pei cent), aftei 
the caffeine meal and two (14 pei cent), following the Ewvald test 

Analyst 1 ; of Foity Cases Studied by the Ft actional Method, with the Ezvald, 
JVatei , Caffeine and Alcohol Test Meals 



Xumber of 


Acid 

Tree Hj dro 

Total 


Cases 

Per Cent 

rigure 

chloric Acid 

Acidity 

Same 

10 

02 

High 

Trom 50 to SO 

Prom SO to 110 

results 

4 

1G 

Normal 

Prom 20 to 50 

Prom 40 to 70 


3 

11 

Low 

Below 20 

Below 40 


3 

11 

Achylia 



Total 

2G 

03 




Different 

3 

20 

High 



rc'ults 

4 

20 

Xormal 




5 

33 

Low 




2 

14 

Achylia 



Total 

14 

33 




Highest 
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11 Mires 
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21 

After caffeine meal 
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13 

After Ewald meal 



3 

21 

After water meal 



meal, while in thiee (20 pei cent) the w T atei meal appeared to be the 
most stimulating It can therefore readily be seen that all types of 
diffei ences w r eie noted, but m general the alcohol meal was the most 
stimulating to secietion, while the other meals gave practically the same 
lesults 

The lack of agreement between the secietion stimulated by the 
■\anous test meals w r as noted mainly m patients with gastric secretions 
ot noimal or loweied acid figuies In cases with high figures for 
acidity or complete anacidity the results weie moie uniform Thus, in 
a gioup of tw’enty-six cases m wdnch the determinations w r ere the same, 
sixteen showed high figures for aciditv (free hydrochloric acid 
liom oO to 80, total acid from 100 to 110) , four, normal aciditv 
(free lndrochloric acid from 20 to 50, total acid from 40 to 70 ), 
thiee subacidity (free lndrochloric acid below 20, total acid 40 or less) 
and three, achylia Of the foui teen cases m which there were -varying 
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results, three showed high figures for acidity, foui, normal acidity, five 
subacidity, and two, achylia 

The only outstanding discrepancy in the results of the tests occurred 
in two cases m which the fractional watei test meal did not stimulate 
free hydrochlouc acid on two and three different days, respectively, 
while the other test meals gave normal acid figui es 

When control experiments were performed in which patients received 
the same type of test meal on three successive days, just as many and 
as striking differences weie noted m the degree of acidity on the 



Chart 1 — Comparatne determinations after different types of test meals in 
which the results weie practically the same 


different days, after the same type of meal, 11 respective of whether 
the meal ivas of tea and toast, water, caffeine or alcohol, as weie 
evidenced after the diffeient test meals (chart 2) This proved 
that the natuie of the test meal was not the sole cause foi the 
variability m the lesults It was found that duodenal reguigitation 
v r as a frequent factoi in the variations both when different test meals 
were used and when the same type of meal was repeated The cleai 
fluid test meals demonstiated this fact conclusively, as m these instances 
the slightest amount of legurgitated bile and the consequent immediate 
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lowering of the gastnc acidity were at once noted This diminished 
acidity might occur only in the contents of one extraction, the following 
specimen, extracted in fifteen minutes, showing normal acidity, or 
the regurgitation might persist and give a lowered acidity over a longei 
period of time The blue color of the test meal would assume a char- 
acteristic greenish hue as soon as any form of alkaline duodenal con- 



Chart 2 — The same type of test meal repeated on successive days with striking 
differences in the results 

tents would flow back into the stomach The clear fluid test meals, 
which were uncolored by methylene blue, would show that regurgitation 
took place only if greenish or j^ellowish bile would regurgitate, but not 
if unpigmented intestinal contents would flow back When one realizes 
that the intestinal contents are at least five times as alkaline as bile, the 
importance of the element of intestinal regurgitation becomes evident 
It is more difficult to detect 1 egurgitation with the Ewald meal, even 
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though stained with methylene blue, because of the brown coloi of the 
tea and toast, which mterfeies with the macioscopic detection by the 
change of coloi 

Gaither 10 too, has shown that one spuit of golden yellow bile may 
1 educe the gastuc acidity foi a period of fiom ten to thirty minutes 
Whethei the reduction of acid is due to its neuti alization by the intes- 
tinal contents 01 to true inhibition of the activity of the gastric glands 
is impossible to state Macroscopic regurgitation occuried in our expen- 
ments m 7 per cent of the tests with the Ewald meal, m 11 pei cent, 
with the caffeine meal , m 19 per cent, with the alcohol meal, and in 
18 per cent, with the water meal 

While these figures show that regurgitation occurs twice as often 
with cleai fluid meals as< it does with the Ewald meal, it is possible 
that this greatei fiequency is appaient only because of the aforementioned 
difficulty m recognizing regui gitation with the tea and toast This is 
particulaily true if the regurgitation is slight and the consequent reduc- 
tion of acidity lesults not in complete anacidity, but m a lowenng of 
the acid figures 

WATER TEST MEAL 

In the earliest studies of the gastric contents, von Leube (cited by 
Kaufmann 2 ) employed water in the stimulation of gastric secretion He 
used ice water and intended the coldness to be a factor in the stimula- 
tion of the acids Water is well known to be a gastric stimulant 
(Heidenham, 11 Sanotski, 12 Pavlov, 13 Foster and Lambert, 14 Bergeim, 
Rehfuss and Hawk 15 Sawitch and Zehony, 10 Cailson, On and Brink- 
man 17 ) Bergeim, Rehfuss and Hawk 16 applied this knowledge prac- 
tically m the foim of a test meal consisting of 400 cc of water, and 
reported almost exactly the same acid curve with this test as with the 
Ewald meal They felt that in the aveiage normal person, water, 
either cold or waim, produced as great a stimulation as does the Ewald 
meal and can be substituted foi it Ivy 18 also showed that 400 cc of 
watei could be used for the determination of acids m the stomach, 

10 Gaither E H Effects of Surgery of Stomach on its Subsequent Motor 
and Secretory Function, J A M A 91 1079 (Oct 13) 1928 

11 Heidenham Arch f d ges Physiol 19 148, 1877 

12 Sanotski Arch di sc biol 1 589, 1S92 

13 Pavlov, I P The Work of Digestive Glands (trans by Thompson) ed 2, 
London, C Griffin & Company, 1910 

14 Foster and Lambert J Exper Med 10 820, 1908 

15 Bergeim, O , Rehfuss, M E, and Hawk, P B T Biol Chem 29 345, 
1914 

16 Sawitch and Zehony Arch f d ges Physiol 110 123, 1913 

17 Carlson, Orr, and Brinkman Am J Physiol 33 91 1914 

18 Ivy, A C Am J Physiol 46 420 (July) 1918 
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but he did not feel that it could be substituted foi the Ewald meal, as 
there is a marked variation in the response to stimulation by watei m 
different persons He met with several instances, as I have, in which 
secietion in the stomach was not stimulated by the ingestion of 
watei The stomachs that empty water slowly (150 cc 01 less in 
fifteen minutes) respond much more readily than those that empty 
water quickly Moffatt, Mitchell and Powell 19 found that some subjects 
show a complete achylia with water test meals, who give an acid curve 
of aveiage height with a gruel meal They objected to the water meal 
because of the difficulty in estimating the pi ease late of emptying the 
stomach This objection can be overcome, as I have shown, by the 
use of methylene blue 

The mechanism whereby water acts as a stimulant is not entirely 
agreed on and may, therefore, be due not to one but to several factors 
Pavlov 13 thought that the stimulation is chemical and due to the “pro- 
longed and widespread contact” of the water with the gastric mucosa 
This seems to be corioborated by the work of Foster and Lambert, 14 who 
showed that the flow of gastric juice following the introduction of 
water is directly pioportional to the volume of water employed, and by 
the work of Ivy, is who found that the stomachs that aie emptied of water 
slowly respond much more actively than those that are emptied quickly 
He also noted a latent penod of seven minutes foi the human gastric 
glands when they weie stimulated by water Bergeim, Rehfuss and 
Hawk, 15 however, weie not able to demonstrate any latent period, and 
thus felt that a prolonged and widespread contact with the mucosa of 
the stomach was not necessarily a prehmmaiy to stimulation in the 
human being, as Pavlov claimed to be necessaiy m dogs Carlson, Orr 
and Bunkman 17 suggested that “water washed tiaces of gastric secre- 
togogues into the intestines where they are absorbed and act on the 
gasti ic glands via the blood ” It was also thought possible that the 
stimulating power of ordinary water was due to electrolytes contained 
m it, but comparative tests made with distilled watei did not show 
striking or consistent diffeiences, in fact, m one case, higher acid figures 
weie obtained with the distilled watei than with the tap water 

ALCOHOL TEST MEAL 

The action of alcohol m various dilutions on the mucous membrane 
of the stomach has received a great deal of attention m the literature 
The article by Kast 20 gives a splendid complete suivey of the subject 

19 Moffatt, P McG, Mitchell, G O , and Powell, A T W Gin’s Hosn 
Rep 71 1, 1921 

20 Kast L A.rch f Verdauungskr 12 486, 1906 
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Kast (also quoted by Kelling 21 ) showed that a solution of alcohol of 
less than 10 per cent is an excitant to gastnc acids but not a stimulant 
to the superficial mucous membiane It was not, however, until 1914 
that Ehrmann 22 suggested a 5 pei cent alcohol solution as a gastric 
test meal (10 cc of absolute alcohol m 200 cc of water) He advised its 
use because it made a complete homogeneous solution, had no sediment 
or albumin, was stenle, could be easily stenlized for the study of gastnc 
bactena, was a stiong gastnc stimulant even when the patient had no 
appetite and could be extracted from the stomach through a small 
gastric tube He employed it in the single exti action method and from 
one half to thiee quaiters of an hour after its ingestion he was able to 
extiact contents of almost puie gastric secretion 

Da Silva Mello 23 used an alcohol meal m the single exti action 
method (300 cc of a 5 per cent alcohol solution) in twenty-five patients 
The acids weie leadily estimated, but he noted a legurgitation of bile 
m 90 pei cent of the cases As eaily as 1886, Gluzinski 24 had used 
a solution of alcohol of fiom 25 to 50 pei cent for the expiess purpose 
of getting a reflow of bile into the stomach The regurgitation of bile 
and duodenal contents was noted also by others (von Soos 25 and San 
Philippo 2G and became the outstanding objection to the use of the 
alcohol meal on account of the neutralization of the acids by the strongly 
alkaline duodenal contents Grote 27 found that the alcohol meals gave 
figuies for acidity that were about one-thud lower than the degree of 
acidity after the Ewald-Boas test meals Von Fnednch and Neumann 28 
found legurgitation m 25 pei cent of cases Kotscham 20 found anacidity 
in thirty-three of seventy-two cases 

On the other hand, Kelling, 30 Wonckhaus 31 and Vandorfy and 
Varady-Borbely 32 employed the alcohol meal for the fractional analysis 
method, and were favorably impressed with its results The latter 

21 Kelling Arch f Verdauungskr 12 491, 1906 

22 Ehrmann Berl khn Wchnschr 51 662, 1914 

23 da Silva Mello Berl klin Wchnschr 53 275, 1926 

24 Gluzmski Deutsches Arch f klm Med 39 405, 1886 

25 von Soos Orvosi hetil , 1917, vol 61, no 1 

26 San Philippo Zentralbl f inn Med 42 382, 1921 

27 Grote Stomach Functional Test, Klin Wchnschr 3 792 (April 29) 1924 

28 von Friedrich, L, and Neumann, K E Deutsche med Wchnschr 47 43 
(Jan 13) 1921 

29 Kotscham Cited in Klin Wchnschr, July 16, 1925 

30 Kelling Arch f Verdauungskr 24 1, 1918 

31 Wonckhaus Deutsche med Wchnschr 47 43 (Jan 13) 1921 

32 Vandorfy and Varady-Borbely Ztschr f d ges exper Med 50 615, 
1926 
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studied twenty- five patients in whom comparative tests with the plain 
water meal were made with practically identical results In cases with 
high figures for acidity the water gave as good results as did the alcohol 
test meal In cases of duodenal ulcer the watei meal gave even higher 
figuies In cases with nonnal 01 subnoimal figuies for acidity, the 
water stimulation gave lower results than did the alcohol meal 

There seems to be no doubt that leguigitation is apparent less often 
with the Ewald meal than with the clear meals, and apparent more often 
with the alcohol than with the water meal Because it is more readily 
lecognized with the cleat than with the Ewald meal, it can at once be 
considered as an explanation foi a patticulaily low or absent acid 
sect etion 

CAFFEINE TEST MEAL 

Katsch and Kalk 0 were the first to advise the use of a caffeine test 
meal After trying vanous prepaiations and dilutions, they finally 
employed 0 2 Gm of cafifeme puium m 300 cc of water They realized 
the advantages of a cleai fluid test meal fiee fioni albumin and salts, 
particularly in certain forms of examinations, but considered alcohol 
too mutating and nonphysiologic in its action They compared the 
results m twenty-five patients tested with the alcohol and caffeine meals 
by the single exti action method and found the stimulating action of 
alcohol gi eater than that of caffeine In two cases of borderline acid 
production, however, alcohol gave no secretion of fiee acid while caffeine 
did They felt that the secretion following caffeine was not due to the 
direct nritation of the gastric mucosa, but to the stimulation of the 
acid-formmg elements of the blood A caffeine solution must not be con- 
fused with a solution of coffee, as the latter contains the additional 
pioducts of loastmg, among them piobably histamine Pmcussohn, 33 
however, showed that in dogs the caffeine solution pioduced no greater 
results than did the watei m which the caffeine was dissolved Gold- 
bloom 34 too, inserted fiist a caffeine solution and then water into the 
laige stomach of a dog with a Pavlov stomach, and watched the secre- 
tion in the small stomach He found no difference between the caffeine 
and the water as far as the resulting secretions weie concerned Gold- 
bloom carried out comparative tests with caffeine, water and alcohol by 
the single extraction method, and found that m 50 per cent of cases the 
caffeine gave little or no secretion after twenty or twenty-five minutes, 
while water showed secretion in 80 pei cent of the cases and alcohol in 
almost 100 per cent 

33 Pmcussohn, L Ztschr f Phys u diatet Therap 11 261, 1907 

34 Goldbloom, A A Arch f Verdauungskr 12 13 (Feb) 1928 
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COMMENT AND CONCLUSIONS 

The Ewald-Boas tea and toast breakfast is undoubtedly the most 
piactical test meal toi the loutme single extraction gastric analysis 
Clear fluid test meals used m the single exti action method have as 
their gi eat disadvantage the fact that they leave the stomach too rapidly, 
and that very often the stomach is empt) after forty-five minutes They 
can, however, be emplojed with advantage (Cheney 35 ) when one is 
especially desirous of studying the gastric cellular elements or food 
lemnants, because they make a complete homogeneous solution and give 
no sediment Furtheimore, these clear test meals aie free from albumin 
and salts, which is an essential in certain gastnc tests, and in the study 
of bacteria they can be lendeied sterile more readily When the repeated 
exti action method of gastnc analysis is employed instead of the single 
extraction method, these advantages of the clear fluid test meal hold 
true to even a gi eater extent In addition, a gastnc content of clear 
fluid can be exti acted thiough the small duodenal tube more easily 
than can that of tea and toast, and the subsequent titration for the acids 
can be carried out without previous filtration of the numerous samples 
The often quoted disadvantage of the clear fluid meals is that duodenal 
1 egurgitation occuis moie often with them than with the Ewald meal, 
this, however, may be moie apparent than real, and even if it does occur 
more frequently, it is leadily recognized maci oscopically and can be 
immediately taken into consideration With the Ewald meal there is a 
nsk that slight or model ate reguigitation may be entirely overlooked 

The clear fluid meals that have been employed are of plain water, an 
alcohol solution and a cafteme solution The secretions following their 
ingestion have been compaied with those after the meal of tea and toast 
In 65 per cent ot the cases the results of these three test meals are 
practically the same, so that any one can be employed in a fractional 
gastric analysis instead of the Ewald-Boas meal (chart 1) The differ- 
ing results m the remaining 35 pei cent of the cases need not necessarily 
be explained on the basis of the different constituents of the test meals , 
they can as well be attributed to the variations occurring m aliquot 
fractions obtained dui mg a single analysis, and to the individual varia- 
tions in a patient from da) to day The fonner factor has been definitely 
shown by the woik of Kopeloff, 36 while the latter has been proved by 
myself in the series of expenments in which repeated examinations on 
thiee successive days showed widely varying lesults with the same type 
of test meal (chart 2) 

35 Cheney, W F Tr Am Gastro-Enterol A 1928, p 55 

36 Kopeloff, Nicholas Proc Soc Exper Biol & Med 19 154, 1922, Varia- 
tions in Aliquot Fractions of Gastric Contents, Arch Int Med 30 118 (July) 
1922 
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Of these clear fluid meals, alcohol is the most stimulating to gastric 
secietion, it is moie stimulating than the Ewald-Boas meal It has the 
disadvantage of producing in many patients, paiticulail} m women who 
are unaccustomed to alcoholic drmk, transient intoxicating effects 
The scarcity of good alcohol in this countiy of piohibition is also a 
disadvantage 

The watei meal is undoubtedly the simplest, it can be used any 
place or any tune without piepaiation It compares favorably with the 
other meals, in fact, the stimulating effect of the caffeine meal or the 
Ewald test meal may be due to the watei element, as watei is 
undoubtedly a strong gastnc stimulant However, theie are occasional 
pel sons who do not seciete free hydrochlouc acid m response to water, 
so that anacidity following a water meal must be controlled by an 
Ewald-Boas meal or by the use of histamine The latter precaution 
has been adopted recently by many authorities when anacidity is found 
to follow any type of test meal 
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Eigotamme and the closely related and pharmacologically similar 
ergotoxm constitute the pnncipal alkaloids of eigot and exhibit all the 
eftects of that drug on the uteius In addition they have been shown 
to exeit an effect on vanous paits of the sympathetic nervous system, m 
paiticular, a paialyzing or depiessmg action on the motor elements of 
that system that aie stimulated by epinephnne Bnefly, m animals they 
not only antagonize the piessoi effect of epinephnne on the systemic 
aiteries, but under suitable conditions cause a leveisal of the usual effect 
of epinephrine on the blood piessure 1 Eigotamme inhibits the dilator 
effect of epinephrine on the coi onaries , 2 and by its effect on the sympa- 
thetic nerves of the heait is said to slow the late of sinus rhythm 3 and 
to neutralize the acceleiatoi action of epinephnne 4 In addition, 
ergotannne has been lepoited both to lower 5 and to iaise c the blood 

- 1 Submitted for publication, Aug 16, 1930 
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Ergotamins auf den Sjmpathicus, Klin Wchnschr 4 1437, 1925 

3 Andrus, E C , and Martin, L E The Action of the S\ mpathetic upon 
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189 137, 1921 
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normalen Kanmchen durch Ergotamin Biochem Ztschr 140 612, 1923 Seidel, 
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sugar level during fasting, to dimmish the liypergl) cennc lesponse to 
epmephime 7 and to lower the pioduction of heat 8 Certain wnteis, 
notably Rothlm, 9 maintain that ergotamme also possesses a similai 
paralyzing action on certain of the inhibitory elements of the sympathetic 
system and is able, foi example, to annul the mhibitoiy action of 
epinephrine on the small intestine A more complete leview of the 
Iiteratuie dealing with experiments on animals is found in oui pievious 
publications 10 

Because of these actions on the sympathetic system, ergotamme 
has become of consideiable interest outside the field of obstetucs and 
has been used rathei extensively in animal and clinical expenments 
in attempts to obtain direct or indirect evidence lespectmg the functions 
and behavioi of the sympathetic nervous system More recently it has 
been recommended as a theiapeutic agent m conditions m which an 
overactivity of the sympathetic system exists, oi is thought to exist, 
notably m cases of thyrotoxicosis 

However, as we have stated in piecedmg papers, the use of ergot- 
amme for these pui poses is based on evidence obtained for the most 
part from experiments on animals in which the doses employed and the 
conditions of the experiments were not such as are applicable to human 
subjects Many of the clinical expenments puipoiting to show an 
action of eigotamme m man similar to that m animals have been poorly 
controlled In othei experiments it has simply been assumed that the 
action was the same In view of these facts it was thought advisable, 
before cairymg out certain piojected expenments dealing with some of 
the functions of the sympathetic nervous system, to investigate certain 
effects of the drug This has been done, trained normal dogs and noimal 
persons being used as subjects, and the effect of eigotamme on the 
blood sugar, circulation and basal metabolism has been studied Our 

7 Michuhcich, M Ueber Glykosuriehemmung II Ueber den Einfluss ion 
Ergotoxin auf die Adrenalin und Diuretinglykosune, Arch f exper Path u 
Pharmakol 69 133, 1912 Rothlm, E Zur Pharmakologie des Blutzuckers, 
Rev de pharmacol et de therap exper 1 103 (Sept) 1928 

8 Marine, D , Deutch, M , and Cipra, A Effect of Ergotamine Tartrate 
on the Heat Production of Normal and Thyroidectomized Rabbits, Proc Soc 
Exper Biol & Med 24 662, 1927 

9 Rothlm, E The Specific Action of Ergot Alkaloids on the Sympathetic 
Nervous System, J Pharmacol & Exper Therap 36 657 (Aug ) 1929 

10 Youmans, J B , and Trimble, W H Experimental and Clinical Studies 
of Ergotamine I Effect of Ergotamine on the Blood Sugar and Epinephrine 
Hyperglycemia in Trained, Unanesthetized Dogs, J Pharmacol & Exper Therap 
38 121, 1930, II The Effect of Ergotamme on the Heart Rate of Trained, Unan- 
esthetized Dogs, ibid 38 133, 1930, III The Effect of Ergotamme on the Oxygen 
Consumption of Normal Trained Dogs, ibid 39 201, 1930 
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expei nnents on animals 3 which have been reported elsewheie, 10 have 
shown under these conditions results that have differed in some respects 
from those previously described The present paper deals with the 
results obtained with normal human subjects together with observations 
made on a few patients, most of whom had thyrotoxicosis 

REVIEW OF THE LITERATURE 

Effect of Ei gotamme on the Metabolic Rate — Adlersberg and Poiges, 
who weie the hist to leport the use of ei gotamme m thyrotoxicosis, 11 
meiely stated that the metabolic rate was reduced Since then a numbei 
of papeis have dealt vith the effect of this drug on the basal metabolism, 
but foi the most part these have been reports of pooily conti oiled 
experiments, mostly on patients with thyroid disease observed during 
a course of long continued and often vaiied treatment In most 
instances no expei imental data are given In their second paper, 12 
Adlersbeig and Porges reported a decrease of 7 per cent in the oxygen 
consumption of a patient with thyrotoxicosis within an hour after the 
subcutaneous injection of a single dose (0 25 mg ) Under similar 
conditions Bouckaeit and Noyons 13 observed a lowering of from 2 to 
29 per cent in the basal metabolic late of eleven patients, and LaRoche, 
Camus and Labouid) 14 a slight decrease (maximum 10 pei cent) in 
five Kerti, 15 hovevci, noted a rise of moie than 5 per cent in three 
patients with tlr\ i otoxicosis and no change in one, and Haider 10 observed 
a slight rise m tv o patients from thirty to ninety minutes after the 
injection Five cases are reported by Adlersberg and Porges 12 in which 
\auable decreases in the basal metabolic rate were noted over periods 
of from days to months of treatment with ergotamme by mouth and 
subcutaneously Haldei 10 obtained similar results, but concluded that 
they could not with certainty be ascribed to the effect of the ergotamme 
We have been able to find but three papers describing the effect of the 

11 Adlersberg, D , and Porges, O Wien klm Wchnschr 37 327, 1924 

12 Adlersberg D , and Porges, O Ueber die Behandlung des Morbus Base- 

dowi mit Ergotamin (Gvnergen), Klm Wchnschr 4 1489, 1925 

13 Bouckaert, J P , and Noyons, A K Diminution du metabohsme basal 
sous 1’influence du tartrate d’ergotamine (gvnergene) cliez les basedowiens, Ann 
Soc scient de Bruxelles 46 320, 1926 

14 LaRoche, Camus and Lebourdy Le tartrate d’ergotamine chez les base- 
dowiens et chez les hypersympathicotoniques, Rev frang d’endocrinol 6 52, 1928 

15 Kerti, F Die Einwirkung von Phlorrhizm und Gynergen auf den respira- 
torischen Stoffwechsel und lhre gegenseitige Beemflussung, Wien klm Wchnschr 
41 1119, 1928 

16 Haider, M Ueber den Einfluss des Ergotamins auf den Grundumsatz 
Basedowkranken, Schweiz med Wchnschr 57 411, 1927 
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drug in normal subjects Iverti 15 found a decrease in the metabolic 
rate in one experiment and no change m the others, while m one of Lon 
and Krema’s 17 noimal subjects the rate fell from — 8 9 to — 16 2 pei 
cent forty- five minutes after the injection of 0 5 mg of ergotamme 
Haider studied the action of the drug m three normal subjects, and m 
these no effect was observed following the daily administration of from 
3 to 6 mg by mouth for periods of from thirteen to twentj-nme days 
It is evident fiom this review of the literature that previous studies 
fail to offei satisfactory evidence that eigotanune specifically lowers the 
production of heat in man 

The Effect of Ei got amine on the Pulse Rate — As m the case of 
the basal metabolic rate, many studies of the effect of eigotamme on 
the pulse rate consist of lather general observations made on patients 
dui mg the course of continued treatment with the diug (either by 
mouth oi subcutaneously), without adequate control of other factors 
that may have influenced the results Thus a gradual decrease m the 
pulse rate ivas noted h) Adleisberg and Porges, 12 Porges 18 and Rutz 19 
m patients with thyrotoxicosis tieated over periods of fiom six days 
to two or thiee rveeks A diop of from 10 to 40 beats pei minute was 
observed by the latter authoi following the subcutaneous administration 
of from 0 25 to 0 5 mg thiee times daily for from six to ten days, but 
according to the author’s tables the gieatest slowing occuned shortly 
after the patients were placed in bed Slowing of the pulse (maximum 
21 beats per minute) in five of eight patients receiving the drug over 
periods of from ten to thirty days, with no effect in one and an increase 
in two, was reported by LaRoche, Camus and Lebourdy, 14 who observed 
no correlation between the duration of treatment and the effect obtained 
The effect of a single injection has been studied by Bouckaert and 
Noyons, 13 who obtained a slowing of the pulse m five patients with 
thyrotoxicosis (maximum 26 beats per minute), no change m one and 
a slight increase in another, within an hour after the injection Similar 
results were noted by LaRoche, Camus and Lebourdy, 14 while Barath, 20 
using mtramusculai injections, saw only a slight slowing m the majority 

17 Low, A , and Krema, A Grundumsatzstudien, Wien khn Wchnschr 
41 1453, 1928 

18 Porges, O Umfrage uber die Behandlung des Hyperthyreoidismus, Med 
Kim 23 200, 1927 

19 Rutz, A Ueber Vorbereitung und Nachbehandlung von Basedow Opera- 
tionen mit Gynergen (Sandoz), Med Klin 22 736, 1926 

20 Barath, E Untersuchungen uber die Ergotaminewirkung bei Menschen, 
mit besonderer Rucksicht auf seme khmsche Anwendungsmoglichkeiten bei 
inneren Erkrankungen, Ztscbr f klin Med 104 713, 1926 
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(from 8 to 12 beats per minute) and a more marked slowing (from 25 
to 35 beats pei minute) only m the patients who received the largest 
doses (0 5 mg ) and who exhibited a severe leaction 

More caieful and bettei controlled studies of the effect of a single 
injection (mtiavenous) were made by Zorn 21 and Wetteiwald 22 Both 
authois, using obstetnc and gynecologic patients for subjects, obtained 
a marked slowing (average 40 beats per minute) following the mtia- 
venous injection of 0 5 mg The slowing occuned within a few minutes 
aftei injection, the pulse rate returning to the preinjection level within 
two hours In certain instances a coincidental slowing of the fetal pulse 
was observed by Zorn, who also was able to counteract the effect of 
ergotamme by the admunstiation of calcium Results similar to those 
of Zorn and Wetteiwald weie obtained b\ Kaufman and Kalk 23 In 
Immerwahr’s 24 series of patients with various nervous disorders a slow- 
ing of fiom 14 to 22 beats pei minute followed the subcutaneous injec- 
tion of a similar amount According to Immerwahr, the injection of 
atiophme (1 mg) aftei the ergotannne caused fiist a slightly greatei 
slowing of the pulse and then a model ate increase (18 beats per minute) 
m the pulse late In a series of 120 experiments on 50 subjects, 
Goldman 25 obseived some slowing m all, the maximum being 60 beats 
per minute following the intravenous injection of 0 25 mg of the diug 
During the period of nausea and vomiting induced by the drug, the pulse 
late was mci eased Ati opine (amount ? ) administered at the height 
of the effect of the eigotamine caused a gi eater slowing of the pulse 
Goldman was unsuccessful in abolishing oi reversing the effect of epine- 
phrine on the pulse rate by the injection of ergotamme Merke and 
Eisnei 20 expressed the belief that the slowing caused by eigotamine is 
proportional to the late of the pulse befoie injection 

Few studies have been made ot the effect of ergotamme on the 
pulse late of noimal subjects undei caiefully controlled basal conditions 

21 Zorn, W Ueber die Wirkung von Gynergen auf Blutdrnck und Puls 
beim Menschen, Klin Wchnschr 6 204, 1927 

22 Wetterwald, M Ueber die intravenose Darreiclmng des Gvnergens 
(Ergotamintartrat), Schweiz med Wchnschr 57 292, 1927 

23 Kaufman, F , and Kalk, H Experimented Untersuchungen zur pharma- 
kologischen Wirkung des Ergotamins, Ztschr f d ges evper Med 36 344, 1923 

24 Immerwahr, P Ueber die Wirkung des Ergotamin auf Puls, Blutdruck 
und Blutzucker und ihre Beemflussung durch Atropin, Med Klin 23 1693 (Nov 
4) 1927 

25 Goldman, M , Jr Recherches chniques sur Taction de l’ergotanune sur le 
systeme vegetatif, Arch d mal du cceur 21 204, 1928 

26 Merke, F, and Eisner, W Der Einfluss des Ergotamms auf das Eiektro- 
kardiogramm beim Hyperthy reoidismus, Deutsche Ztschr f Chir 210 239, 1928 
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Barath 20 and Goldman, 25 whose studies have been refen ed to did not 
distinguish between their results m normal subjects and those m patients 
Haider 10 was unable to obtain a slowing of the pulse in noimal pei- 
sons leceivmg the drug by mouth over long periods 

To summarize, ergotamme has been shown to cause a maiked 1 educ- 
tion in the pulse rate of patients when given intravenously in maximum 
doses Smallei amounts and administration by the subcutaneous method 
cause a less marked slowing, while the evidence m favoi of a significant 
effect of the drug when given by mouth to patients is unsatisfactoi} 
Studies of its effect on the pulse rate of normal subjects undei caiefully 
controlled basal conditions have not been rejjoited 

The Effect of Ergotamme on the Blood Presswc — The effect of 
ergotamme on the blood pressure of human subjects has been studied 
by seveial wnteis, most of whom have used patients as subjects 
Barath, 20 who studied the effect both in patients and in noimal subjects 
under basal conditions, but who did not distinguish clearly between his 
lesults in the two gioups, found a variable effect depending on the 
initial level In subjects with normal pressuies there was usually a 
slight diop (fiom 10 to 15 mm systolic) often pieceded b) an initial 
use of shoit duiation, but in some subjects there was no change 
Patients with hypertension showed the greatest lowenng (fiom 30 to 35 
mm systolic), with a slight rise in the diastolic pressure On the con- 
trary, Immeiwahr, 24 in a senes of patients, both those with normal 
endocnne and nervous systems and with various nervous and endocrine 
disordeis, found a slight rise m the blood pressure in both noimal sub- 
jects and those with hypertension, while in those with hypotension the 
pressure was slightly lowered, returning to the initial level m from thnty 
to sixty minutes The injection of atropine (1 mg) was followed by 
a significant diop in about five minutes, even in peisons whose piessuie 
was elevated by the ergotamme According to Zorn, 21 the admimstiation 
of 0 5 mg intravenously to obstetric and gynecological patients with a 
normal circulation and nervous system caused an increase of about 40 
mm systolic which appeared m about foity minutes and disappeared m 
an hour or more Inci eases m both systolic and diastolic pressures 
(from 20 to 60 mm ) weie noted by Kaufman and Kalk 23 following the 
intravenous injection of from 0 25 to 0 5 mg of eigotanune Rutz 10 
noted a variable decrease m the blood pressuie of eleven patients with 
thyrotoxicosis treated over a penod of from six to ten days with from 
0 125 to 0 25 mg of the drug subcutaneously, but did not control other 
factors that may influence the results It is thus apparent that the 
repoited effects of ergotamme on the blood pressure in man differ 
widely 



618 


ARCHIVES OF INTERNAL MEDICINE r 


The Effect of Ei gotamme on the Blood Sugat — Few studies have 
been made of the effect of ergotamme on the blood sugar level of fast- 
ing noimal subjects More often patients with various diseases have 
been used as subjects Frequently ergotamme has been employed in 
experimental studies of the relation between the sympathetic nervous 
system and carbohydiate metabolism on the assumption that with ergota- 
mine the action of the foimer could be abolished or modified Seidel 27 
observed a slight drop in the blood sugar of fasting normal men, but, 
accoidmg to Barath , 20 a more or less outspoken rise occurs in the 
majority, with no significant change in a few Czezowska and Goertz 28 
found an increase and Moietti 20 found no significant change under 
similar conditions Immerwahr 21 obtained a biphasic i esponse, a slight 
initial drop being followed by a small increase The injection of atropine 
with the ergotamme made no difference in the response In a group of 
patients, Goldman 25 obtained a drop in the majority, and Low and 
Krema 17 found a fall m two coincident with a decrease in the basal 
metabolism In ten patients with diseases of the e) es Michail, Bendescu 
and Vancea 30 saw only a slight diop m tlnee, each of whom had a 
rather high fasting level Seveial writers leported a decrease m the 
blood sugai in diabetic peisons following the injection of ergotamme 
(Seidel, Moretti and Goldman), and a similar effect was noted in patients 
with other diseases, particularly thyrotoxicosis (by the foregoing authors 
and by Rothschild and Jacobsohn 31 ) On the othei hand, Grunke 32 
found no effect in patients with various diseases, including diabetes, and 
Czezowska obseived an increase in patients with exophthalmic goiter 
Corbim 33 concluded that ergotamme has almost no effect on the hyper- 

27 Seidel, W Die Wirkung des Ergotamins (Gynergen) auf den Blut- 
zuckerspeigel beim Kaninchen und beiin Menschen, Arch f exper Path u 
Pharmakol 125 269, 1927 

28 Czezowska, Z , and Goertz, F Influence de l’ergotamine sur le taux du 
sucre sangum, Compt rend Soc de biol 98 148, 1928 

29 Moretti, H L’action hypoglycemiante de l’ergotamine dans le diabete, 
Compt rend Soc de biol 97 320, 1927, Glykamm und Ergotamin, Klin Wchn- 
schr 7 407, 1928 

30 Michail, D , Bendescu, T , and Vancea, P Action de l’ergotamine sur 
le metabolism basal et la glycemie dans les affections oculaires, Compt rend Soc 
de biol 98 1468, 1928 

31 Rothschild, F , and Jacobsohn, M Die Wirkung von Ergotamin (Stoll) 
beim Basedow und lm Tierversuch auf die Blutzusammensetzung, Ztschr f khn 
Med 105 406, 1927 

32 Grunke, W Ueber den Mechanismus der ahmentaren Hyperglykamie 
I Mitteilung Der Einfluss des vegetativen Nervensystems auf die ahmentare 
Hyperglykamie, Ztschr f d ges exper Med 52 488, 1926 

33 Corbim, G Azione dell’ergotamina sulla glicemia digli mdividui normah, 
epatici e diabetici, Pohclmico (sez prat ) 37 85, 1930 
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glycemia in otheiwise noimal persons and in patients \uth hepatic dis- 
orders In diabetic persons, it has a tendency to low ei the blood sugar 
but the intensity of this action vanes gieatiy in lndmdual cases 

According to Loew enberg , 34 ergotanune depresses the ahmentaiy 
hyperglycemia in normal subjects when small amounts of dextrose aie 
used, and Czezowska 28 found that the alimentary hyperglycemia was 
diminished both in noimal subjects and in those with diabetes Moretti ,- 9 
howevei, was unable to obtain any eftect on the alimentary hypergly- 
cemia of normal subjects, although the mciease in blood sugar aftei the 
injection of epinephiine was decreased (or prevented 7 ) by ergotanune 
Asimilai effect on hyperglycemia due to epinephrine was noted by Coelho 
and de Olivena , 35 and depiession of alimentary h\ pei glycemia in noimal 
subjects 01 patients was found by Grunke , 32 Hetenyi and Pogany 30 and 
Rednik 37 It is thus apparent that conti ary results have been obtained 
in lespect to the effect of ergotamme on the blood sugar of fasting 
normal subjects though there is general agreement that it lowers the 
blood sugai in persons with diabetes, and the majority of observers have 
noted a lessening of alimentary hyperglycemia in both normal subjects 
and patients 

EXPERIMENTAL DATA 

The normal subjects were nine healthy, young adults accustomed to the proce- 
dures employed, which probably accounted for the low basal metabolic rates found 
in some of them The following plan was generally followed About six hours 
after a light breakfast, the subject was placed in a bed and allowed to rest quietly 
for at least an hour before beginning the experiment Following the rest period 
there was a preliminary period of about thirty minutes during which the pulse 
and blood pressure were determined at frequent intervals, until a constant level 
was reached At the end of this period- the basal metabolism was determined, 
following which a sample of blood was drawn for the determination of blood 
sugar After a short rest to allow the subject to recover from the slight dis- 
turbance caused by the metabolism test and venipuncture, 0 5 mg of ergotamme 
(ergotamme tartrate, Sandoz) was injected subcutaneously Repeated determina- 
tions of the basal metabolic rate, pulse rate, blood pressure and blood sugar were 
made over a subsequent period of three hours Readings of the pulse rate and 
blood pressure were made at intervals of fix e minutes, during the first half 
hour and at intervals of from ten to twenty minutes during the subsequent 

34 Loewenberg, R D Pharmakologische Beitrage zui Frage der abmentaren 
Glykamie, Ztschi f d ges exper Med 56 147, 1927 

35 Coelho, E , and de Oliveira, J C Influence de I’ergotamme sur l'hyper- 
glycemie alimentaire chez les sujets normaux et chez les diabetiques, Compt rend 
Soc de biol 99 1527, 1928 

36 Hetenyi, S , and Pogany, J Ueber den Mechamsmus der abmentaren 
Hyperglykamie Klin Wchnschr 7 404, 1928 

37 Rednik T Die Beemflussung der Medikamente auf die Dextrose Belas- 
tungs Blutzuckerkurven als Leberfunktionsprufung, Ztschr f klin Med 109 720 
1928-1929 
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period The metabolic rate was determined at hourly intervals, and the 
blood sugar was determined in some cases at intervals of thirty minutes, one, 
two and three hours after the injection of ergotanune In others the blood sugar 
was first determined at fifteen instead of thirty minutes after the injection and 
the three hourly periods omitted In additional experiments three of the subjects 
were given atropine (1 3 mg subcutaneously) before or after the injection of 
ergotamine, and its influence on the response to the latter was determined as 
already outlined In the experiments with atropine and ergotamine an attempt 
was made to time the injections so that the periods of maximum effect of the 
drugs, determined by control experiments, coincided Control experiments were 
performed with each subject, and the behavior of the metabolic rate, pulse rate, 
blood pressure and blood sugar, without the injection of ergotamine, was noted 
o\er a similar period of time In the case of the subjects in the experiments 
with atropine, control experiments were performed in which the effect of atropine 
alone on the pulse rate was observed 

Three of the subjects were given 1 mg of ergotamine by mouth three times 
a day over a period of eight days, and the basal metabolic rate was determined 
every second day in the morning under standard basal conditions 

Essentially the same plans were followed in the case of patients and, in some, 
similar control experiments were made In addition, several preliminary deter- 
minations of the basal metabolic rate alone were made to accustom the subject 
to the test 

The majority of the determinations of the basal metabolism were made by 
means of a spirometer and an analysis of the expired air according to the method 
of Haldane In a few of the earlier experiments, a Roth-Benedict apparatus was 
used Subsequent experiments confirmed the results obtained with the latter 
method The pulse rate was counted with a stop watch, and whenever possible 
lias counted for a full minute In no case were there irregularities of the heart 
beat (except slight sinus arrhythmia) which might hare caused errors in the 
count The blood pressure was determined by the auscultatory method with a 
mercury sphvgmomanometer Determinations of the blood sugar were made 
according to the method of Folm 38 

In such expei intents as these, the importance of slight stimuli and 
then effect on the pulse late and blood piessure of subjects m a basal 
condition is often not sufficiently appreciated Even with tiamed sub- 
jects slight motion, anticipation of a painful injection, the entrance of 
persons into the loom and similai distui bailees aie reflected in changes 
m these functions The effect on the metabolic late (except at the 
tune of testing) is less unpoitant In expei imeuts in which readings 
of the pulse and blood pressure are made at frequent intervals, such 
changes may ovei shadow the effects of a drug, and it is necessary to 
allow for such tempoiaiy vauations in accounting for the effect obtained 

Certain features of the reaction to ergotamine, paiticularly the sub- 
jective symptoms, should be noted The injections themselves are painful, 
but curiously enough seem to be less painful to patients with thyio- 

38 Folm, O Laboratory Manual of Biological Chemistry with Supplement, 
New York, D Appleton & Company, 1925, p 308 
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toxicosis than to the noimal subjects, at least the patients complained 
less than did the lattei No othei immediate ill effects weie noted from 
the injections Nausea was frequenth expenenced about thuty minutes 
after the injection, and vomiting occuiied m one noimal subject and in 
one of the patients In some additional experiments, not reported heie, 
m which eigotamme was given subcutaneously and dextrose by month 
to patients with thyiotoxicosis, vomiting invariably occuried A dull 
headache was often noticed within an houi 01 so after the injection, 
and about two hours aftei the injection of eigotamme pam and soreness 
developed m the muscles This soieness, which was paiticulaily notice- 


Tabix 1 — Effect of Ei gotcnmnc (0 5 Mg Subcutaneously) on the Basal Metabolic 

Rate of Noimal Subjects 




Basal Rate 

Basal Metabolic Rate After Ergotamine 



Betore 


A 





Ergotamine, 

First Hour, 

Second Hour, 

Tlnrd Hour, 

Subject 

per Cent 

per Cent 

per Cent 

pir Cent 

H F 

Test 

+12 

— 3 

-+• 0 

2 


Control v 

+ 5 

— 1 

+ 2 

— 9 

J V 

Test 

—19 

—21 

—19 

—14 


Control 

—23 

—19 

—24 

—21 

W T 

Test 

— 1 

— 7 

— S 

— 


Control 

2 

— 1 

— 2 

— 5 

F J 

Test 

2 

— 5 

+ 5 

— 


Control 

— i 

+ 4 

+ 7 

+10 

31 T 

Test 

- i 

— r > 

—10 

— S 


Control 

— 7 

—12 

—10 

—14 

V B 

Test 

+ 3 

+ 6 

+ 5 

+13 


Control 

— 

— 

— 

— 

A C 

Test 

2 

— 7 

— G 

+ 3 


Control 

+ 3 


— 1 

± o 

E J 

Test 

-14 

—IS 

— 7 

— 1 


Control 

—11 


— 5 

— G 

31 D 

Test 

+ 5 

— 3 

— 3 

+ 2 


Control 

— 1 


— 3 

— G 


* Control experiments o^er the same period of time without ergotarmne 


able on walking, persisted and was fiequently more severe the day after 
the expei nnent Lassitude and a lack of energy w ei e associated with 
this soieness, m the subjects who received the drug by mouth this 
effect was sufficient to cause an intei feience with their usual activities 
foi two or thiee days after the diug had been taken The patients with 
thyrotoxicosis seemed to suffer much less fiom the muscular soreness 
and the lassitude than did the noimal subjects and rarely complained, 
though the noimal subjects complained bitteily 

RESULTS 

In none of the nine noimal subjects was a significant effect on the 
basal metabolic late noted during the three horns following the injec- 
tion of the eigotamme (table 1) L V slight increase (maximum 8 per 
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cent) occuned at the end of the thud hour m thiee of the subjects and 
may piobably be attnbutecl to restlessness In seven of the subjects, 
including the three m whom a rise occuned there was a variable diop 
(maximum 9 per cent) at some period aftei the injection, but in no case 
weie the vanations greatei than those obseived in the conti ol experi- 
ments In the case of the single subject (li F ) m whom an appaiently 
significant drop occuried, subsequent experiments indicated that the 
initial detei mmation was not made under basal conditions The injec- 
tion of atropine befoie or after the ergotamme failed to influence the 
effect of the latter on the basal metabolism 

In all of the subjects the injection of eigotamine was followed b> a 
slowing of the pulse, which was slight in some but probably definite 

Table 2 — Effect of Ei gotaimne (0 5 Mg Subcutaneouslv) on the Pulse Rote and 
Blood Piessuie of Not mol Subjects* 


Pulse Rate per Minute Blood Pressure (Mm of Mercurv) 

r n r A , 

Before After Systolic Diastolic 

Frgota Frgotn , — ■ A n r — - — * 


Subject 

mine 

mine 

Before 

After 

Before 

rfter 

H F 

SO 

74 

122 

124 

72 

S2 

J Y 

7G 

54 

<>S 

100 

72 

78 

W T 

70 

CO 

110 

120 

70 

80 

F J 

90 

78 

104 

100 

00 

OS 

M T 

70 

04 

10S 

114 

02 

SO 

V B 

G4 

58 

112 

122 

70 

ss 

\ 0 

71 

04 

SO 

DO 

5S 

7S 

E J 

G9 

03 

DO 

112 

50 

DO 

M D 

75 

05 

110 

ns 

04 

SO 


* The figures for pulse and blood pressure before the administration of ergotamme represent 
tho last reading before giving the drug when these figures were consistent v ith the general basal 
level, otherwise the last basal reading The figures for the pulse after the administration of 
ergotamme represent the lowest rate recorded, and for the blood pressure, the highest recorded, 
v hen apparently not due to the disturbing factors to which reference is made in the bodj of 
the paper The control pulse rate m the ense of subject r J is probablj not basal 


m all (table 2) The maximum slowing was 22, the minimum, 6 beats 
per minute below the basal rate This slowing of the pulse appeared most 
often about thuty minutes after the injection, and as a rule the rate 
gradually returned to noimal by the end of thiee houis In many of 
the experiments the slowing of the pulse was associated w ith the appear- 
ance of a respiratory smus arrhythmia, and in the few instances m 
which this arrhythmia was present before injection it was mci eased dur- 
ing the period of biadjcardia In the expenments in which atropine 
was given before the ergotamme no efitect of the laltei on the pulse rate 
was noted, and the increase m pulse rate was as great as m the control 
experiments in wduch ati opine alone was given When ati opine w r as 
given after the pulse had been slowed with eigotamine, the effect due 
to the latter was immediately abolished, and again the pulse became as 
rapid as it did with atropine alone (table 3) 
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The injection of eigotamine caused an increase in the blood pres- 
suie in nearly all of the experiments (table 2) The mciease was 
gieatest (maximum 34 mm ) in the diastolic pressure and usually 
appeared about thirt) minutes aftei the injection A less striking (maxi- 
mum 16 mm ) and somewhat more variable response was noted m the 
case of the systolic pressuie These changes in the blood pressure per- 
sisted for some time, and the previous level was attained by gradual 
stages about thiee hours after the injection In general the greatest 
effect on the blood piessuie occuired m the subjects showing the greatest 
changes m the pulse late, and it is interesting that these subjects were 


Tmile 3 — Effect of At) opine on the Response of the Pulse Rate to Ei qotamme in 
Rointal Subject (H F), Companson with Effect of Atiopmc Alone * 


Atropine and 



Ergotamine 

Time 

Atropine 

S4 

2 00 

74 

SO 

2 00 

72 

S2 

2 10 

72 

S6 

2 20 

74 

Ergotamine 0 5 mg 

2 21 

Atropine 1 3 mg 

SI 

2 25 

SO 

80 

2 30 

84 

76 

2 35 

92 

ttropine 1 3 mg 

2 36 


68 

2 40 

92 

78 

2 45 

94 

SS 

2 50 

94 

00 

2 55 

94 

94 

3 00 

94 

94 

3 05 

95 

94 

3 10 

95 

90 

3 20 

93 

96 

3 30 

93 

94 

3 40 

90 

90 

3 50 

85 

92 

4 00 

85 

90 

4 10 

82 

S8 

4 20 

80 

S4 

4 30 

80 

S2 

4 50 

88 

SO 

5 10 

78 

S4 

5 20 

74 


* In this table the e\perivnental data lvue been adjusted to a common time basis 


considered to have the most labile nervous systems A typical protocol 
showing the effect on the pulse late and the blood pressure is given in 
table 4 It should be noted that temporary variations, due to the causes 
mentioned, tended to obscure the effect of the drug, particularly m the 
cases in which the effects of the drug were slight In two of the sub- 
jects, the injection of both atropine and ergotamme resulted m a greater 
rise m blood piessure. both systolic and diastolic, than when ergotamme 
alone was used 

Eigotamine had no significant effect on the blood sugar level in 
these experiments, and the slight variations above and below the 
initial level w r ere no greater than occurred m the control experiments 
<’nd are believed to he within the range of normal variation (table 5) 
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At some time after the injection, all of the subjects showed an mciease 
over the initial value (maximum 10 mg per hundred cubic centuneteis), 
and m seven subjects there was also a fall (maximum 8 mg ) 


Table 4 — Effect of Ei gotamme on the Pulse Rate and Blood Piessuic m a 

Normal Subject (M D) 




Blood Pressure 



Pulse Rate 

(Mm of Mercury) 



Beats per r- 


^ 


Time 

Minute 

Systolic 

Dinstolic 

Comment 

1 14 

70 

100 

00 


1 20 

75 

106 

64 


1 22 

78 

110 

66 


1 25 

70 

10S 

GO 


1 28 

70 

112 

68 


1 30 

70 

110 

04 


1 31 




Metabolism test 

1 40 

78 




1 50 

75 

118 

74 


2 00 




Electrocardiogran 

2 08 


10S 

70 

Venipuncture 

2 09 

Ergotamine 0 

5 mg subeutnneouslj 


2 12 

72 

10S 

70 


2 15 

09 

110 

70 


2 20 

G9 

100 

60 


2 25 

G9 

108 

70 


2 30 

70 

114 

74 

Feels “queer” 

2 35 

G5 

no 

70 


2 40 

G8 

110 

74 

Venipuncture 

2 45 

09 

118 

80 


2 50 

69 

118 

SO 


2 55 

G5 

110 

70 


3 00 


118 

76 

Metabolism test 

3 12 




Venipuncture 

3 20 




Electrocardiogram 

3 23 


100 

64 


3 30 

70 

112 

66 


3 40 

67 

112 

6S 


3 50 

69 

no 

72 

Pain in muscles 

4 00 

69 

114 

72 


4 01 




Metabolism test 

4 09 




Venipuncture 

4 10 

GS 

no 

70 


4 25 

70 

112 

64 


4 40 

70 

114 

74 


5 05 

70 

no 

74 

Metabolism test 

5 10 

78 

10S 

68 



Table 

5 — Effect of Ergotamine (0 5 Mg Subcutaneously) 
Sugar Level of Noi tnal Subjects 

on the Fasting Blood 



Blood Sugar (Mg 

per 100 Cc ) After rrgotnmine 








Subject 

Ergotamine 

15 Minutes 

30 Minutes 

60 Minutes 

120 Minutes 

ISO Minutes 

H F 

73 

69 

73 

73 

82 


J T 

93 

91 

99 

90 

93 


W T 

76 

76 

76 

76 

S3 


1' J 

64 

64 

03 

GS 

65 


M T 

74 

74 

66 

83 

77 


V B 

85 


86 

86 

88 

S4 

A C 

87 


87 

91 

91 

95 

L J 

77 


76 

81 

75 

IS 

M D 

66 


69 

04 

GO 



No change in the basal metabolic rate occurred m any of the three 
subjects who weie given ergotamine b\ mouth (table 6) It was noted, 
howevei, that the respiratory quotients showed a tendency to drop 
toward the end of the experiment 
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In general, the effect of ergotarame on the basal metabolic late of 
patients with thyrotoxicosis was similar to that seen in the normal 
subjects (table 6) The effect on the pulse rate, however was moic 
maiked, and greatei changes wei e seen more often In no case did the 
drug fail to cause a definite mciease m the diastolic pressuie, and the 
effect on the systolic pressuie was much more marked than m the 
normal subjects (table 7 ) In tv'o subjects (J B and N R ) in wdiom 
the diagnosis of thyrotoxicosis was doubtful, the changes in pulse late 

Table 6 — Effect of Ei gotammc (0 5 *Mg Subcutaneously ) on the Basal Metabolic 
Rate of Patients with Thyi otoxicosis 


Basal Metabolic Basal Metnbolic Rate After Ergotamine 
Rate Before r * 



Ergotamine, 

First Hour, 

Second Hour, 

Third Hour, 

Subject 

per Cent 

per Cent 

per Cent 

per Cent 

J B 

+ 2 

+- 0 

+ 2 


I 0 

+22 

+26 

+14 

+22 

N R 

4* 8 

— 2 

+ 4 

+ 7 

D C 

+79 

+87 

+81 

+80 

M G 

1-54 

+50 

+57 

+65 

E P 

+79 

+94 

+83 

+94 

J B 

+ 10 

+16 

+19 

+20 

0 H 

+54 

+63 

-r70 

+75 


Table 7 — Effect of Ei gotaimnc (0 5 Mg Subcutaneously) on the Pulse Rate and 
Blood Piessuie in Patients zvith Thyi otoxicosis* 


Blood Pressure (Mm of Mercury) 

Pulse Rate per , ' * 

Minute Systolic Diastolic 

As A , A 



Before 

After 

Before 

After 

Before 

After 


Ergota 

Ergota 

Eirgota 

Ergota 

Ergota 

Ergota 

Subject 

mine 

mine 

mine 

mine 

mine 

mine 

J B 

76 

70 

110 

112 

74 

80 

I C 

78 

63 

116 

162 

58 

90 

N R 

103 

93 

116 

120 

70 

76 

D C 

122 

105 

150 

174 

70 

94 

M G 

100 

84 

140 

160 

80 

90 

E R 

104 

101 

132 

172 

64 

86 

J B 

65 

56 

118 

14S 

64 

80 

0 H 

96 

82 

142 

174 

64 

104 


* See note under table 2 


and blood pressure were about as great as those in normal subjects 
In four of the six patients with definite thyrotoxicosis the injection of 
ergotamme had no significant eftect on the metabolic rate Mmoi 
variations both above and below 7 the initial determination occuned at 
some tune during the expenment (maximum 11 pei cent and 8 per cent, 
respectively) In one patient (E R ). with an initial late of -j- 79 per 
cent, the rate rose in the first hour to + 94 per cent, fell to -f- 83 pei cent 
at the second hom and again lose to 94 pei cent at the end of the thud 
hour In another patient (O H ) , with an initial rate of 54 per cent the 
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rate rose steadily to -f- 75 per cent by the end of the third hour Of the 
two patients m whom the diagnosis was uncertain, a drop of 10 per 
cent occuried in one (N R ) within the first houi and no change m the 
other It is interesting to note that of the six patients with thyrotoxicosis 
a use of greatei or less degree, at some time after the injection of the 
drug, was noted in all The respnatory quotients showed changes winch 
followed the vanations m the metabolic rate Two patients (I C and 
D C ) were given 0 25 and 0 125 mg of ergotamme, respectively, 
subcutaneously, tin ee times daily, for a pei lod of from six to eight days 
At the end of this period the basal metabolic rate remained unchanged 
in the fiist patient and had dropped from + 76 to + 63 per cent 
m the other, but during this time the patients wei e at rest in bed, under 
general medical treatment, and the loweied rate in the second patient 
may well be attributed to this nonspecific therapy 

In the case of two of the patients, determinations of the blood sugar 
were made as m the normal subjects In one instance (I C) the blood 
sugar fell from 135 to 81 mg per bundled cubic centimeters at the 
end of an hour, and in the other (DC) fiom 82 to 71 mg in two hours 

COMMENT 

Fiom oui expei iments it seems apparent that ergotamme has little, 
if any, dnect influence on the production of heat in normal subjects 
undei basal conditions This observation, which is m accord with the 
lesults obtained by us with tiamed, unanesthetized dogs, is the more 
significant in view of the numerous reports that ergotamme lowers the 
pioduction of heat in both animals and man It should be emphasized, 
however, that in the past few experiments have been performed with 
normal subjects under strict basal conditions The majority of studies 
have been made with patients rather than normal persons as subjects 
In either case the experimental data reported aie generally incomplete, 
but a careful examination of the data given suggests that the supposed 
effect of the diug has been largel) illusory and that failure to secure 
piopei basal conditions or to evaluate and conti ol properly other factors 
concerned has been responsible for the apparent effect of the drug 
Nevertheless, the failure of ergotamme to influence the production 
of heat m normal subjects is not proof that in patients with certain 
abnormal conditions the drug is ineffective , Our results with patients, 
v hile strongly suggestive, are inconclusive in this respect 

The view is generally held among those who have reported a lower- 
ing of heat production by eigotamme that this result is accomplished 
by a paralyzing or depiessant action on the sympathetic nervous system 
Such an explanation might serve to explain the difference in our results 
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from those of others on the assumption that the abnormal actn it} of the 
sympathetic system assumed to be piesent in certain diseases and pai- 
ticulaily in patients with thyrotoxicosis, made the sympathetic system 
more sensitive to the action of the diug This explanation, while it 
receives little suppoit from our clinical studies, cannot be dismissed 
and will be discussed fuilhei Thcie exists, howeier, another explana- 
tion that may serve to explain the i eduction m the basal metabolic late 
which is sometimes seen following the admimstiation of eigotamme 
Refeience has aheady been made to the lassitude and feeling of fatigue 
which folloiv the administration of the diug, especially when it is 
administered over a peuod of seveial days As a result of this, greatei 
relaxation may be secuied, paiticularly in patients subject to overstimu- 
lation, and with it a moie neatly basal condition In other woids, 
although ergotamme may not possess a duect action on the production 
of heat, by indirect means it may permit a determination moie neaily 
basal A similai explanation has been offered by Meike 30 Such an 
effect would of necessity vaiy consideiably with individual subjects and 
is theiefore in accord with the marked individual vanations in lesponse 
to the diug 

The failuie of eigotannne to affect the fasting blood sugai level of 
1101 mal subjects, again in accoid with oui results m trained unanesthe- 
tized dogs, is impoitant because the leported effects on the blood 
sugar have also been ascribed to an action on the sympathetic nervous 
system This failure to affect the blood sugar of fasting normal subjects 
agiees with the lesults of several other workeis, and it seems safe to 
conclude that under basal conditions eigotanune is ineffective m this 
respect m these persons It must again be emphasized that this conclusion 
applies only to fasting noimal subjects, since the work of othei investi- 
gators apparently shows a definite influence of ergotamme on the changes 
m the blood sugar in response to ceitam stimuli, such as the admunstia- 
tion of epinephrine, and in patients with certain diseases Unreported 
experiments of our own suggest a similai effect This failure of ergota- 
mme to modify the sympathetic nenous system undei basal conditions 
and to affect it under conditions that may' stimulate it is of consideiable 
interest and will be discussed further 

The most maiked effect of ergotamme was on the pulse rate and 
blood pressure Similar, but gi eater, effects on the pulse w'ere obtained 
by us on trained, unanesthetized dogs, and a number of winters have 
obtained results similar to ours m man, although m many instances the 

39 Merke, F Ueber die Wirhung des Gwiergens beim Morbus Basedow i, 
Schweiz med Wchnschr 57*833, 1927 
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reported reduction m pulse rate has undoubtedly been due to factors 
other than the drug This slowing of the pulse has most often been 
explained as a paralyzing or depressing action of ergotamme on the 
accelerator nerves of the heart From the results of our experiments, 
both with animals and with man, we are unable to agree to this explana- 
tion Rather, the slowing appears to us to be due to a vagus stimulation 
or sensitization We do not mean by this a relative stimulation due to 
paitial release of accelerator control, as suggested by LaRoche, Camus 
and Lebourdy , 14 nor a combination of accelerator depression and vagus 
stimulation, as suggested by Rothlm 2 Our leasons for this belief in 
the case of animals have been stated elsewhere , 10 and we believe that 
they receive additional support from our experiments on human subjects 
With man, as with dogs, small doses of atropme completely prevented 
or abolished the slowing due to ergotamme After atropimzation there 
was no evidence of a paralysis 01 depiession, partial or complete, of 
the accelerator nerves, and the pulse rate was increased to as great a 
degree as with atropine alone Hamet 40 made a similar observation 
Slight stimuli were sufficient to cause a distinct mciease in the pulse 
rate after the injection of ergotamme The action of ergotamme on 
the sympathetic system is known to be slow, and in our experiments 
a considerable time elapsed before the effect of the drug was observed, 
yet m animals the action w ? as almost immediate after intravenous injec- 
tion A prompt action has been observed by those who have injected 
the diug intravenously in man In our experiments the action of the 
drug seemed stronger in the subjects until evidence of a strong vagus 
tone (smus arrhythmia) The appearance of this arrhythmia after the 
administration of ergotamme, when not present before the injection, 
is also suggestive of a vagus action Certain of the subjective symptoms, 
such as nausea and vomiting, are in favor of a vagal effect Finally, 
m view of the large amounts of ergotamme that are known to be neces- 
sary to affect the accelerator nerves m animals, the doses that can be 
used clinically would scarcely seem sufficient to produce the decided 
slowing of the heart observed m man, by a depression of the accelerator 
nerves The belief that ergotamme slow^s the heart by an action of the 
vagus has also been expressed by Wetterwald 22 

The increase m blood pressure in the normal subjects was of about 
the same magnitude as the changes in the pulse rate and was probably 
due to the same mechanism by wdnch ergotamme causes a rise in blood 
pressure in animals A primary blood pressure raising (vasoconstrictor) 

40 Hamet, R Les principes actifs de l’ergot et leur action pharmacologique, 
Presse med 35 1605, 1927 



} Ob MAN S~I RIMBLIZ — CRG07 AMINO 


629 


eilect was observed by Dale and Spiro 41 and ascribed bj them to a 
stimulation of the arterial musculature According to Rothlin , 2 this 
effect, which may be the sole result of small as well as the initial effect 
of large doses, is due to a stimulation of the sympathetic ganglions 
However, the effect of ergotamme on the blood pressure in animals is 
most \ ariable In addition to inhibiting and reversing the effects of 
epinephrine, in which marked individual and species variations occui, 
and the pnmaiy blood pressure raising eftects described by Dale and 
Spiro 41 and Rothlin , 2 Salant, Nadler and Brodman 42 have obseived a 
pi unary blood pressuie lowering effect This was apparently due to 
an associated action of the natural epmephime m the body, since it 
failed to appear when the suprarenals were removed Accoidmg to Dale 
and Spiro , 41 the primary blood pressure raising effect of eigotamme 
may fail to appeal if the arteries aie m a state of increased tonus at 
the moment of injection This may serve to explain the failuie of 
some authois to obtain an effect when dealing with subjects (patients) 
m whom the piessuie was already elevated It is also possible that 
the observations of Salant, Hadler and Brodman may explain the fall 
m blood pressure obtained m some subjects, particularly those with an 
elevated piessure Neveitheless, it is probable that the lowering of the 
blood pressuie obtained by most authois with human subjects was due 
to a lengthening rest period and failure to secure basal readings at the 
start of the expenment 

The results of oui experiments laise the question whether, in man, 
ergotamme possesses the same action on the sympathetic nervous system 
as has been described in animals There can be no doubt that m animals 
ergotamme in sufficient dosage exei ts a depressant action on many of the 
motor functions of the sympathetic nervous system and piobably on some 
of the inhibitory functions as well As we have stated many times, how- 
ever, such effects are obtained in animals with doses and experimental 
conditions that are not permissible in the case of human subjects The 
failure of ergotamme to affect certain of these functions m man may 
be attnbuted m part to the necessary use of small doses, which are 
ineffective On the other hand, certain of the results observed may be 
attributed to the different action of small, as compared with large doses 

However, another and more significant explanation is suggested for 
the failure of ergotamme to affect certain functions of the sympathetic 
system m normal subjects under basal conditions The work of Cannon 

41 Dale, H H , and Spiro, K Die Wirhsamen alkaloide des Mutterkorns, 
Arch f exper Path u Pharmakol 95 337, 1922 

42 Salant, W , Nadler, J E , and Brodman, IC Circulatory Reactions to 
Ergotamine and Effect upon Them Produced bj Adrenalectomy and the Blood 
pn, Proc Soc Exper Biol & Med 25 361, 1927-1928 
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and his associates 43 seems to show that m animals, under conditions of 
quiet and lepose (le, basal conditions), ceitam functions of the sym- 
pathetic system aie inoperative Cannon’s view, which is somewhat 
opposed to the theoiy of a constant actnity of the sympathetic system 
balanced against the parasympathetic system, postulates a condition 
of homeostasis which may be modified on need by the sympathetic 
system, which is called into play when the need arises “One may con- 
sider total inactivity of the exteiofective system as a basal state for the 
oigamsm, 1 e , a condition for minimal functioning of both the exterofec- 
tive and enterofective systems Whenevei the exterofective system 
becomes active an internal distuibance is pioduced or tends to be pio- 
duced, and associated therewith the basal enterofective function is 
mci eased m order to maintain homeostasis It should be clear from the 
foregoing considerations that if the organism is maintained m a fairly 
constant basal condition, 1 e , if theie is not maiked distuibance of the 
internal environment because of lesponse to external stimuli, there is 
1 datively little need for the functioning of the enterofective system” 
On the basis of such an hypothesis it is not sui prising that eigotamine, 
granting it is a depressant of the sympathetic system, should fail to 
exhibit any effect on certain functions of the latter undei basal con- 
ditions The functions of a mechanism that is mopeiative can scarcely 
be depressed or paralyzed The best evidence in favor of this explana- 
tion for the ineffectiveness of ergotamme is its effect on the blood sugar 
The failure of ergotamme to affect the accelerator nerves of the heart, 
which, in conti ast to othei parts of the sympathetic s)stem, may be 
assumed to be in a state of constant activity, need not of necessity 
conflict with this explanation in view of the well known resistance of 
these nerves to small doses of ergotamme In fact, this resistance of the 
acceleiator neives may be related to the degree of their tonicity 
Analysis of the experimental evidence m respect to the action of 
eigotamine suggests that it is the weaker sympathetic functions that 
ai e the more readily affected by the di ug Such a possibility may explain 
why ergotamme, although it fails to lower the production of heat of 
normal subjects, because of the relative inactivity of the sympathetic 
system under basal conditions , 44 fails also in some instances when the 
production of heat is increased above the basal level by the action of the 

43 Cannon, W B Organization for Physiological Homeostasis, Phjsiol 
Rev 9 399, 1929 , The Sympathetic Division of the Autonomic System in Relation 
to Homeostasis, Arch Neurol & Psychiat 22 282 (Aug ) 1929 

44 Cannon, W B , Newton, H F , Bright, E M , Menkm, V, and Moore, 
R M Some Aspects of the Physiology of Animals Surviving Complete Exclu- 
sion of Sympathetic Nerve Impulses, Am J Phvsiol 89 84, 1929 
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sjmpathetic s>stcm It is concenable that undei the laltu condition* 
tlic tonicity of the sunpathetic s\stem ma\ be so great as to make it 
i elativeh insusceptible to the amounts of the drug that can be used 
'l bus maj be explained the conflicting tesults on the basal metabolism 
which have been obtained clinically in some disease states 

In the case of the use in blood pressure seen in noimal subjects 
undei basal conditions, the absence of activity of the s> mpathetic s\ stem 
is of no significance, since the effect is apparently due to the vasocon- 
strictor oi stimulant action of small doses of ergotamme, as previously 
stated The reported lowering of the blood piessure in some abnoimal 
subjects may be the result of the action of the diug on a sympathetic 
function which is active Failure to secuie a i eduction in some patients 
with an elevated piessure, as in some of oui patients with tin lotoxicosis, 
may be due to a lelatively too gieat tonus of the sympathetic system 
The explanation that we have suggested would sene not only to 
account foi the behavior of ergotamme as observed in oui experiments, 
but also to explain many of the appaiently conflicting lesults which 
appeal m the liteiatuie on ergotamme The lesults of some additional 
but uncompleted studies seem to offei fuitlier evidence m its support 
Should this explanation prove to be conect, our results oftei some 
evidence that in man the function of the sympathetic system is similar 
to that descnbed by Cannon m animals 

The leaction to the diug, especially the muscular soreness and fatigue, 
is of some interest While no adequate explanation for these simptoms 
is to be found in oui expenments, it is suggested that the musculai 
soieness may be the lesult of the action of the diug on the smallei 
arteries and the aitenoles of the muscles, causing a lelative and tempo- 
rary ischemia Such a possibility is of mteiest in view of the gangrene 
which is a characteristic feature of the toxic action of eigot (and 
ergotamme) Neithei gangiene nor any other seiious untoward effect 
i\as obseived m any of the normal subjects or patients, although some 
of the latter were given ergotamme over considerable periods of time 
Toxic symptoms, including gangiene, have, howevei been repoited in 
patients who were treated with eigotamme 45 

summary axd conclusions 

Ergotamine, in single doses of 0 5 mg subcutaneoush, was without 
significant effect on the basal metabolic rate oi fasting blood sugar level 
of normal human subjects The pulse rate was slowed, and the blood 

45 Schonbauer, L Zur Behandlung des Morbus Basedow i mit Ergotamin 
(Gvnergen), Deutsche Ztsclir f Chir 19S 99 1926 
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pressuie, the diastolic pressure m pai ticular, was slightly but definitely 
elevated 

The administration of 1 mg of ergotamme by mouth, three times 
daily, over a period of several days, also failed to influence to a significant 
degree the basal metabolic rate of these subjects 

Similar effects were noted m patients with thyi otoxicosis, although 
the effect on the pulse rate and blood pressuie was generally greater 
A somewhat greater individual -variation in the lesponse of the pulse 
rate and blood pressure to ergotamme was noted among the patients 
than among the normal subjects 

It is suggested that the failure of ergotamme to influence certain 
functions of the sympathetic system is due to the fact that in normal 
subjects under basal conditions these paits of the sympathetic system 
are inoperative and aie therefore insusceptible to the action of eigota- 
nune This explanation, if correct, may seive to explain certain con- 
• flictmg reports appearing in the literature However, many of the 
reported instances of loweied heat production, pulse rate and blood 
pressure following the administration of eigotamme should not be 
attributed to the action of the drug, but to failure to secure a truly basal 
condition at the beginning of the experiment 

Under the conditions of our expenments, the slowing of the pulse 
cannot be attributed to a depression or paralysis of the accelerator nerves 
of the heait, but is the result of a stimulating or sensitizing action on 

t 

the vagus 
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Pellagi a as a complication of a lesion 01 of dysfunction of the diges- 
tive tiact is assuming greater significance in view of the inci easing 
number of cases lepoited Rolph 1 first called attention to the possi- 
bility of pellagi a ongmating under these cncumstances in 1916, when 
he repoited a case of caicmoma of the upper third of the stomach, 
involving the cardiac onfice and associated with pellagra Other 
mstances of benign and malignant lesions with secondary pellagra have 
been lepoited by Biyan, 2 Bendei, 3 Nuzum, 4 Joyce and Seabrook, 5 
Barnes, 0 Elliott, 7 Klauder and Wmkelman, 8 Cabot 9 and one of us 
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1 Rolph, F W Cancer of the Stomach and Pellagra in the Same Patient, 
Canad M A J 6 323 (April) 1916 

2 Bryan, R C Cancer of the Stomach with Associated Pellagra, Virginia 
M Monthly 46 107 (Aug ) 1919 

3 Bender, W L Pellagra Secondary to Lesions of the Stomach Interfering 
with Nutrition, J A M A 84 1250 (April 25) 1925 

4 Nuzum, F R Pellagra Associated with Annular Carcinoma of the 
Terminal Portion of the Ileum, J A M A 85 1861 (Dec 12) 1925 

5 Joyce, T M , and Seabrook, D B Stricture of the Rectum as an Indirect 
Cause of Pellagra, Northwest Med 24 2S4 (June) 1925 

6 Barnes, J M Typical Pellagra Syndrome Developing in a Patient with 
Chronic Ulceratne Colitis While Under Plospital Treatment, Ann Clin Med 
4 552 (Jan ) 1926 

7 Elliott, A R Pellagra Secondary to Carcinoma of the Colon, M Clin 
North America 11 237 (July) 1927 

8 Klauder, J V , and Wmkelman, N W Pellagra Among Chronic Alco- 
holic Addicts, J A M A 90 364 (Feb 4) 1928 

9 Cabot, R C A Case with Anasarca, Cyanosis, Symmetrical Dermatitis 
Diarrhea, Mass in the Abdomen and Ps\chosis, Boston M &. S J 197 1319 
(Jan 12) 192S 
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(P A O’L ) 10 One of the most lecent contubutions from the pel- 
lagrous belt is that of Turner , 11 m which he leported sixteen cases of 
the disease associated with diveise lesions of the gasti o-mtestinal tract, 
eight of which were strictuies of the rectum One of the purposes 
of this leport is to bung up to date the reports of cases that hate come 
undei oui observation 

The diagnostic and therapeutic significance of the secondary forms 
of pellagia and the seuous piognostic significance of the complication 
m the event an opeiation is contemplated are of immediate concern 
to the internist Undoubtedly a numbei of cases of secondary pellagra 
have been encountered that have not been lepoited, others probably 
have been overlooked, including cases in which theie are constitutional 
symptoms but no cutaneous manifestations of the disease, that is, 
pellagra sine pellagra 

The fact that the disease maj’ develop as the result of obstructne 
gastro-mtestmal lesions, of voluntary restiiction of food foi ranous 
reasons or of chiomc alcoholic addiction, as emphasized by Ivlauder 
and Wmkelman, Sueitzer 12 and Shattuck , 13 is the explanation foi its 
distribution without geographic limit and its appeal ance as a compli- 
cating factor often when least expected This is in contrast to the 
primar}' idiopathic foim of the disease, which is limited to the southern 
states, Central America, Mexico and to such outh mg possessions of the 
United States as the Canal Zone 

In the classic case, there aie chaiactenstic lesions of the skin, mouth 
and tongue, piovokmg soie tongue and often dysphagia, gasti o- 
mtestmal disturbances in the foim of abdominal pain 01 discomfort, 
diarrhea, proctitis, often nausea and vomiting and sjmptoms refeiable 
to the cential nervous sjstem The convenient diagnostic tnad of 
dermatitis, diarrhea and dementia is moie alhteratne than scientific, 
for the dementia may appeal only in the adianced stages of the disease 

Those who are familiar with the disease advise considering the 
possibility of pellagra in cases of cluonic gastric distuibance with -venial 
exacei bations , when obscui e abdominal s} mptoms referable to the 
appendix, ovaries 01 gallbladder aie piesent, in cases of dvsentei}, 
neurasthenia, melancholia, eczema, sunburn 01 chapping of the aims, 
face, neck 01 feet and in cases of peisistent dizziness, epileptitoim 
seizures and vaginitis The deimatologists lecommend that when one 

10 O’Leary, P A. Secondaiv Types of Pellagra, M Clin North America 
10 647 (Nov ) 1926 

11 Turner, R H Pellagra Associated with Organic Disease of the Gastro- 
intestinal Tract, Am J Trop Med 9 129 (March) 1929 

12 Sv'eitzer, S E Pellagra and Alcoholism, Minnesota Med 11 719 (Nov ) 
1928 

13 Shattuck, G E Scurvj, Pellagra and Sprue at the Boston City Hospital, 
New’ England J Med 199 986 (Nov 15) 1928 
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is confronted with a patient complaining of obscuie constitutional 
symptoms, one should not be satisfied until all cutaneous lesions, when 
an}- aie piesent, have been caiefully diffeientiated Unsystematic or 
huined examinations, failure to elicit a histoiy of “sunburn” in sus- 
picious cases and unf anuliai lty with the appeal ance of the lesidual 
cutaneous lesions may make it difficult f 01 the mtei mst to mtei pi et the 
associated phenomena As a matter of fact, the deimatologist’s lecog- 
nition of the pellagious natuie of the lesions or lesidues in then vanous 
types and stages on seveial occasions has led to the disclosure of gastio- 
mtestmal lesions in patients not residing m the pellagious zone or the 
discovery of lesions which pieviously had escaped the notice of the 
examining physician Moreover, as illustrated m three of Tuinei's 
cases, the clinician may overlook gross oigamc disease in the uppei pait 
of the digestive tiact in the piesence of a well established case of 
pellagia Such an erroi would seem more excusable in localities wheie 
the disease is endemic 

In a pievious repoit, one of us (P A O’L ) 1J showed that in the 
type of pellagia encounteied at this clinic the deimatitis has not been 
so extensive or so severe as that usually obseived in pellagious districts 
The well defined limitation, paiticulaily about the wnsts and the foie- 
eiims, suggesting the term "gauntlet” 01 "glove” deimatitis, is highly 
chaiactenstic of the disease, as aie the well defined bordeis of hypei- 
keratosis and the lesidual pigmentation on the face and neck In the 
acute phase the eruption may vary from blotchy erythema to extensive 
bullous lesions, with associated edema, whereas, in the latent and 
receding stages, a div, scaling and, at times, lceratotic eiuption may be 
seen Residual pigmentation at the penpheiy of the lesion is a charac- 
teristic feature of the less acute foims Casal’s “necklace,” deimatitis 
of the antenoi part of the neck, is often of diagnostic aid Secondaiy 
infection, Assuring and ulceiation may be unpleasant complications 

The lecogmtion of pellagra is not difficult if the general symptoms 
that arise from involvement of the skin, the gasti o-mtestmal tiact and 
the nervous system aie borne in mind Fiom the dermatologic point of 
view, chionic eczematoid deimatitis, alleigic deimatitis, eiythema solaie, 
eiythema multifoime, lupus eiythematosus of the disseminate type and 
rmgwoim must be excluded m the differential diagnosis The pioblem 
is not difficult if the other characteristics of pellagra are demonstrable 
The deimatitis, with the exception of the foim pellagra sine pellagra, 
is essential to the diagnosis 

In spite of extensive lesearch and gieat familial lty with the clinical 
aspects of the disease, including exhaustive pathologic studies, an 
extensive review of the hteratuie still reveals a lack of unanimity con- 

14 O’Leary, P A Pellagra A Study of Thirty-Four Cases in Localities 
Where Pellagra Is Not Endemic, Northwest Med 27 319 (July) 1928 
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cermng the etiology of the disease Some of those who aie familiar 
with the acute, active endemic forms of the disease remain unconvinced 
that it is purely a dietetic deficiency disease W e also have observed a 
small group of patients m whom the disease developed while apparently 
they were partaking of a well balanced diet, amply adequate m calories 
and vitamins Expenmental, pathologic and clinical evidence undoubt- 
edly supports the contention of Goldberger and his co-workeis 15 and 
of other authorities, that pellagra has its origin in a deficient dietaiy 
Recently, Findlay 10 confirmed Goldberger’ s researches and concluded 
that when rats aie fed food lacking the thermostable vitamin G (the 
pellagra preventive, P-P, factor of Goldbergei ) a condition resem- 
bling black tongue in dogs and pellagia in man results Denton , 17 in a 
convincing pathologic study of twelve fatal endemic cases of pellagia 
m the Canal Zone, reemphasized the fact that the pathologic character- 
istics of the lesions of pellagra give no insight into the origin and cause 
of the disease His experience showed that the disease is one m which 
the lesions are confined to the epithelial surfaces, without extension to 
the deeper tissues or organs These lesions give no evidence of being 
infectious, the changes in the alimentary canal do not appear to be 
simple inflammatory changes, and some undei lying and contributory 
factor must be necessary for their production Singer and Pollock 18 
and others stated that the changes in the central nervous system are 
likewise essentially retrogiade and degenerative, and not inflammatory, 
m both the acute and the chronic stages Denton also maintained that 
the lesions of the mouth, tongue and esophagus aie the most constant 
and consistent lesions of the disease and, although perfectly analogous 
to the cutaneous lesions, are not so ephemei al He expressed the belief 
that this fact argues against the photodynamic hypothesis of Jobling and 
Arnold , 19 which maintains that a fungus, Aspeigillus glaucus or 
Aspei gillus icpcns, was the indirect cause of the photosensitiveness 
responsible for the deimatitis, and that a deficient diet permitted an 
overgrowth of the organism In Bass ’ 20 experience, exposure not only 
to sunlight but to heat, pressure, trauma and irritating chemicals is 

15 Goldberger, Joseph, Wheeler, G A , Lillie, R D, and Rogers, L M 
A Further Study of Experimental Blacktongue with Special Reference to the 
Black tongue Preventive in Yeast, Pub Health Rep 43 657 (March 23) 1928 

16 Findlay, G M Pellagra-Like Lesions Associated with Deficiency of 
Vitamin B = in the Rat, J Path & Bact 31 353, 1928 

17 Denton, James The Pathology of Pellagra, Am J Trop Med 5 173 
(March) 1925 

18 Singer, H D , and Pollock, L J The Histopathology of the Nervous 
S} stem in Pellagra, Arch Int Med 11 565 (June) 1913 

19 Jobling, J W , and Arnold, Lloyd Observations and Reflections on the 
Etiology of Pellagra, J A M A 80 365 (Feb 10) 1923 

20 Bass, C C Pellagra, M Clin North America 12 1181 (March) 1929 
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capable of producing the cutaneous lesions, especially when the cause 
is active at the proper stage and period of activity of the general disease 
The clinical evidence supporting the theory of dietetic deficiency, espe- 
cially in the secondary forms of pellagra, seems convincing and is mani- 
fest in various ways The pellagra of patients with mental disease may 
be the lesult of an unbalanced or inadequate institutional diet or the 
actual refusal of food over long periods of tune due to the capricious 
appetites of psychotic persons It is also likely that m some cases that 
develop m hospitals for the mentally defective, the cutaneous lesions 
aie slow to develop The voluntary restriction of food as a measuie 
of reducing weight, dietary restriction in the tieatment for acne, m 
functional gastric disorders, m “elimination” diets to determine the food 
allergen, in the treatment for “intestinal toxemia,” following abdominal 
operation in the elderly patient and for no tangible or adequate reason, 
as in the case reported by Carley , 21 give rise to the disease 

The development of pellagra in the presence of gastro-mtestmal 
lesions, malignant or benign, as in the cases herewith reported, and espe- 
cially m the obstructive type, is an established fact The obstructive 
lesion would appear to play especially a mechanical role m that it pre- 
vents the ingestion or letention of sufficient food or of food containing 
adequate vitamins In gastro-mtestmal lesions without obstruction, as 
m gumma of the stomach and ulcerative colitis, the development of 
pellagra, even when the patient is taking highly nutritious food, as 
Barnes observed, may be due to actual deficiency m protein as the result 
of inadequate absorption and assimilation in the presence of such 
lesions The continued use of alcohol over a period of several weeks or 
months favors the development of the secondary form of the disease 
through gastro-mtestmal upsets, anorexia and eventual semistarvation 
The important pait played by dietetic imbalance or inadequacy is evi- 
denced by the impiovement, often prompt, m the less severe forms of 
pellagra effected by the timely institution of a proper dietetic regimen 
or by the surgical removal of the obstruction, if the patient survives 
operation The restricted diets are composed mostly of carbohydrate, 
and the histories often show that patients have subsisted almost entirely, 
over a considerable period of time, on such combinations as “nnlk toast, 
bread and cake,” “toast and crackers,” “milk, ice cream and bread,” 
“oatmeal porridge and potato soup,” and other combinations of a similar 
nature Several patients had not eaten fresh meat for periods as long 
as ten years, and they were complete strangeis to fresh vegetables and 
fruits The effectiveness of a proper diet, even in advanced, hopeless 
cases, so far as the primary lesion is concerned, is exemplified m 
Elliott’s case, m which carcinoma of the colon recuned nine years after 

21 Carley, PS A Case of Pellagra Following Voluntary Restriction of 
Diet, J A M A 91 879 (Sept 22) 1928 
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the oiigmal opeiation, and in which the pellagrous lesions weie seveie 
These disappeaied five weeks aftei dietetic treatment was begun, and 
there was no lecurience of the lesions, in spite of the fact that the patient 
died as the result of extensive metastasis nine months after his last 
admission to the hospital 

Turner cited the investigations of Roily and Liebermeistei , 22 more 
lecently confirmed by Arnold and Biody , 23 which appaiently furnish, 
from an expenmental standpoint, ceitain phenomena obseived in 
pellagrous persons It is somewhat difficult to explain the infiequency 
of pellagia in the vast numbei of patients with obstructing, malignant 
and mflammatoiy lesions of the digestive tract who have been foiced to 
subsist on a restncted diet m older to be comfoi table Crutchfield 24 
stated that pellagia is larely seen in patients who are not suftenng from 
some previous contributoiy disease that disturbs metabolism, and 
Shattuck expiessed the belief that although in lecent years much light 
has been thrown on the causes of pellagia and that a great deal can 
now be done towaid prevention and cuie, much more must be learned 
about the gastro-mtestinal secretions and the factors that influence 
assimilation of food in this disease Apparently other conditions, 
independent of the actual gastro-mtestmal lesions, in which the assimila- 
tion of food is distuibed may give use to secondaiy pellagia, this is 
exemplified m an unusual case of nutritional disturbance with osteo- 
malacia and tetany, repoi ted by Constam and Partch 25 Such observa- 
tions suggest the possible causative role of the inadequate gastric 
digestion of piotem as demonstrated by Castle 20 m pernicious anemia, 
with its characteristic achylia gastnca, and possibly in many cases of 
sprue Plowever, the depression oi complete cessation of gastric 
secretoiy function could be a secondaiy phenomenon and not essential 
in pellagra as it is in pernicious anemia 

Of a total of fifty-four cases of pellagia, the majority of which were 
of a mild, chronic form and in which the diagnosis was continued by 
dermatologists, fractional analysis of gastnc content after a test meal 

22 Rollv and Liebermeister, G Experimented Untersuchungen uber die 
Ursachen der Abtotung von Bakterien lm Dunndarm, Deutsches Arch f khn 
Med 83 413 (Sept ) 1905 

23 Arnold, Lloyd, and Brodv, Louis Bacterial Flora and Hydrogen Ion 
Concentration of the Duodenum, J Infect Dis 38 249, 1926 

24 Crutchfield, E D Pellagra With Special Reference to the Skin and 
Mucous Membrane, Arch Dermat & Syph 17 650 (May) 1928 

25 Constam, G R , and Partch W T An Unusual Case of Nutritional 
Disturbance Showing Symptoms of Pellagra, Osteomalacia and Tetany, Minne- 
sota Med 12 40 (Jan ) 1929 

26 Castle W B Observations on the Etiologic Relationship of A.chvha 
Gastrica to Pernicious Anemia Effect of Administration to Patients with Per- 
nicious Anemia of Contents of the Normal Human Stomach Recovered after 
Ingestion of Beef Muscle, Am J M Sc 178 748 (Dec ) 1929 
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disclosed the absence of fiee h) drochlonc acid in 79 per cent In 62 
per cent of Guthrie’s “ 7 unselected cases of pellagra, gastnc hjdiochlouc 
acid was absent In our entire group there weie a few cases of achloi- 
hydria in which it was difficult to distinguish between pellagia and pei- 
nicious anemia until the effect of an antipellagi ous diet on the lesions 
and hemopoietic function was determined On the basis of oui 
experience and that of many others, it is justifiable to state that when 
achlorhydria is peisistently present, especially when it is associated with 
secondary anemia, asthenia, nervous lrntability and dianhea, the possi- 
bility of pellagia should be borne in mind, whether oi not a histoiy or 
evidence of cutaneous lesions is obtainable Spiue should also be con- 
sidered At the same time, it is essential to deteimine whethei oi not 
dietetic shortcomings are m any way lesponsible foi the condition 

Again, revei ting to the endemic foims of pellagra, one is lemmded 
of Wilkei son’s 2S belief that malnutution is the curse of the South To 
this he attributes the early physical decay of many ruial southerners of 
both sexes His observations as to the kind of food and the pieparation 
of food m many homes, not excluding those of the well-to-do, should 
make physicians and health authorities cucumspect and not take for 
granted the patient’s statement that his diet is adequate Wilkeison 
called attention to the monotony of the diet, the excess of fat often 
used in the preparation of meats and vegetables, especially the former, 
and the excessive cooking of the latter Whethei or not this has any 
beaiing on the matter, it is intei esting to note that oui latest case of 
pellagia occurred in a young girl who lived in a nonpellagrous legion, 
but in whom a seveie case developed while she was taking a ketogemc 
(low carbohydiate and high fat) diet for treatment for epilepsy 

TREATMENT 

It is essential to deteimine, if possible, and to collect the exciting 
factoi m secondary types of pellagra The majority of such cases are 
the result of malignant and benign obstructing lesions of the upper part 
of the digestive tract as well as of unsuccessful or unwari anted opeiative 
piocedures provoking marked motor oi secretory dysfunction oi both 
Cases of obstruction usually require surgical intervention unless the 
condition is obviously inoperable However, the risk is gieatly enhanced, 
especially m cases m which malignant giowths are piesent or in cases 
with high giade obstruction of whatever nature, because adequate pre- 
operative prepai ation to combat malnutrition, dehydration and alkalenua, 
so essential to recoveiy, is extremely difficult in the piesence of comph- 

27 Guthrie, J B Pellagra, Hydrochloric Acid m the Stomach Contents Am 
J Prop Med 6 357 (Sept ) 1926 

28 Wilkerson, F W Dietetic Difficulties in the South, M Clin North 
America 12 1479 (March) 1929 
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eating pellagia An earnest but caieful attempt to readjust the diet 
should precede any attempt to remove the lesion or the cause of the 
dysfunction In the eaily or favoiable cases it is often possible to 
eliminate the pellagrous manifestations by intensive dietetic measures 
In our experience it is necessary, aftei a successful operation, to prepare 
for the toxemia or dementia of pellagra as soon as it is feasible, even 
m the milder cases, as this complication invariably occurs within from 
three to seven days after opeiation Several cases proved fatal without 
marked evidence of toxemia 01 psychosis In some of the cases 
leported, removal of the obstruction alone was laigely responsible for 
the improvement of the pellagious features Apparently a gieat deal 
depends on the extent to which digestive function can again be restoied 
within reasonable limits Outstanding results have been accomplished 
m the cases in which it has been possible to establish and maintain a 
diet high m vitamins by means of rare lean meat, yeast, the juices of 
citrous fiuits, strawberries, apples, grapefruit, liver, salmon, eggs, milk 
and cream, cod liver oil and such green vegetables as spinach, lettuce, 
asparagus, fresh peas, cabbage and tomatoes As the requisites of a 
normal diet must also be met, enough calones to maintain the body 
weight and sufficient bulk to obviate constipation should be furnished 
The use of wheat bread and cereals may make up for the deficiency of 
carbohydrate m other foods If necessary, m the presence of an 
ulcerative gastric lesion the vegetables and fruits which should be served 
may be cooked and puieed At times it is feasible to administer food 
fiequently and in small amounts Owing to the digestive disturbances 
present and the aversion to food which some patients have, it is essential 
that the physician be persistent, and, if necessaiy, that he urge or coerce 
the patient to take an adequate amount Iron and aisenic have been 
recommended and used by some authorities, although they are not of 
much proved value Application of bland lotions m the acute phase of 
the dermatitis is of value and is stimulating Mild keratolytics may 
be used during the penods of latency and chronicity Complications 
are treated as they arise It might be added that the vitamin content 
of the food should be gradually increased, reaching the maximum m 
about a week, and that the patient should be kept ambulatory as much 
as possible, although prolonged exposuie to sunlight should be avoided 
It is essential to impress the patient with the possibility of recurrence 
and to uige that he partake of a diet lich in pioteins and vitamins for 
several years 

Details concerning the thirteen cases aie contained m the accom- 
panying table, and in the lepoits of the cases In two of the cases 
the diagnosis was questionable , one of the patients was an elderly man, 
with pyloric obstruction, the result of benign gastnc ulcer, and chole- 
cj stic disease, the other patient was a woman, aged 45, with a rather 
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diffuse syphilitic lesion of the stomach The evidence was suggestive 
enough to influence us to include them in the series With tv. o excep- 
tions, all of the patients lived in the north temperate zone The 
cutaneous lesions were not as marked m any case as those that occur 
m active acute endemic cases Apparently, hov, e\ er the extent of 
the dermatitis is not a criterion as to prognosis for the mortality was 

Pellagra Sccoi iar _ to Lcslo, s oi the Ga: f ro-I , t teshual Tract 
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high- especially in the surgical group, in spite of the fact that even 
precaution was taken. It is to be noted that in ten of the thirteen cases 
reported the lesions were benign. Of the five patients who were sub- 
nutted to laparotomy, five had benign lesions of which four were 
comph cated and there was an unfavorable termination in all but two. 


HZFOHT OF CASES 

C -SS I.— A wan. ageu 6-, rad bad gastric disturbances for 2 number of ; ears 
wtervals cf from two to si:: worths. The s; waters were suggest-, e. although 
r characteristic, of chrow'c peptic Acer with recert obstructive features 
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Prior to admission to the clinic he had been under treatment for ulcer for five 
weeks and had obtained considerable relief Thirty-two years previous to admission, 
he had had pulmonary tuberculosis, and thirty years before admission he had 
undergone an operation for tuberculous fistula in ano This was followed by a 
stormy convalescence, and one month later spontaneous rupture occurred, and 
thin, purulent material was passed, apparently from the rectosigmoid In the 
summer of 1928, diarrhea was present at frequent, brief intervals For six months 
prior to admission, the patient’s diet was markedly reduced He lost 20 pounds 
(9 Kg ) There was dark discoloration and dryness of the hands and forearms, 
associated with marked general weakness, moderate depression and apathy 

Examination revealed evidence of malnutrition, marked dehydration, severe oral 
sepsis, definite physical signs of an old tuberculous process in the upper lobe of 
the right lung, moderate tenderness and rigidity in the right upper quadrant of 
the abdomen, normal reflexes and sensations and anal scars The skin of the 
gauntlet areas of both hands and wrists was sharply delineated, pigmented and 
slightly keratotic, but without erythema Laboratory investigations disclosed 
gastric hyperacidity There was roentgenologic evidence of deformity of the 
duodenal bulb, with considerable residue of barium after six hours A few 
pohps of the sigmoid were seen through the proctoscope 

After preliminary prepaiation, posterior gastrojejunostomy was performed for 
a subacute, perforated duodenal ulcer and marked pyloric obstruction A poor 
prognosis was given on account of the complicating pellagra On the eighth daj 
after operation, ileus, gastric retention and marked prostration developed In 
spite of energetic measures the patient died four days later, death was preceded 
b\ dementia and coma 

Necropsy revealed a healthy operative field, the evidence of old, healed tuber- 
culosis of the upper lobe of the right lung, pulmonary embolism with infarction of 
the lower lobe of the right lung and pleuritis Also, there were mucopurulent 
enteritis and healed, ulcerative sigmoiditis and proctitis 

Comment — In this case, with lehable evidence of pellagra, at least 
from a dermatologic standpoint, there was associated gastric hyper- 
acidity The deimatitis had retiogiessed considerably within a week 
after the operation It is probable that oui endeavor to supph a diet 
high in meat protein and vitamins piecipitated the gastric retention At 
no time pnor to death was theie evidence of a sudden onset of acute 
dyspnea and cyanosis characteristic of pulmonary embolism Although 
theie was no history of sore mouth, and although the diatrhea had pre- 
ceded the deimatitis by a considerable period and did not peisist, the 
disclosures at necropsy would suppoit rather than cause rejection of 
the diagnosis of pellagia Denton maintained that the colon is the site 
of pathologic changes m all cases of pellagia and that diarrhea seems 
to follow chiefly on changes in the sigmoid and lectum In this case, 
it is probable that the changes found may have had a tuberculous ongm 
m view of the history of the case The grave lisle of operation on 
patients with pellagra and the futility and harmfulness even of an early 
and adequate regimen pushed too zealously perhaps, are well exempli- 
fied in this case 



E USTERMAN-0 LEARY— PELLA GRA 


643 


Case 2— A man, aged 63, gave a history of progressn el\ severe gastric dis- 
turbances of one year s duration, associated with loss of weight, appetite, strength 
and color, and aggravation of constipation of long standing He had been on a 
milk diet exclusively for six months Only rarely since the onset of his illness 
had he attempted to eat solid food, and invariably he had only chewed and expec- 
torated it because it was distasteful Two months prior to admission, "sunburn” 
developed on the backs of both hands and lesions appeared on the cheeks and nose 
A local physician had prescribed ointment for the former 

On examination the patient was found to be emaciated and dehydrated, and 43 
pounds (19 5 Kg ) under his usual weight He was anemic The concentration of 
hemoglobin was 55 per cent, and the erythrocytes numbered 3,740,000 per cubic 
millimeter of blood A firm, somewhat flattened, slightly mobile, nonsensitive 
mass was palpated m the upper part of the epigastrium Laboratory investiga- 
tions revealed achlorhydria and gastric retention, a filling defect in the pars 
pylorica characteristic of medullary carcinoma and a large residue of barium after 
six hours The cutaneous lesions, symmetric and sharply demarcated, were con- 
sidered typically pellagrous 

After five days’ preparation, partial gastrectomy was performed A carcinoma 
measuring 10 by 8 by 2 cm was removed, including the involved regional lymph 
nodes For four days, the postoperative convalescence was uneventful and the 
cutaneous lesions improved noticeably Then diarrhea appeared and persisted, 
accompanied by dementia, on and after the fifth day In spite of energetic measures, 
circulatory collapse developed, the patient became maniacal and died on the 
seventh day following the operation Necropsy disclosed the operative field to be 
healthy Acute enteritis and degenerative changes were present in the posterior 
columns of the spinal cord 

Case 3 — A man, aged 44, had had periodic attacks of indigestion simulating 
duodenal ulcer for more than seven years For three months prior to admission 
to the clinic, the symptoms had become more marked The usual measures for 
relief from pain and discomfort, by giving food and alkalis, were progressively 
less effectual, and there were periods of nausea and vomiting of unduly retained 
food, progressive loss of weight and strength and habitual constipation Six 
weeks prior to admission, the patient experienced severe diarrhea, which lasted 
two weeks Also, there were stomatitis and lesions involving the dorsum of the 
hands and wrists, presenting the characteristic gloved appearance Nervous irri- 
tability, depression, insomnia, uncertain gait attributed to marked weakness, 
emaciation and anemia were also present 

Examination of the gastric contents revealed the absence of free hydrochloric 
acid in all of the specimens removed by the fractional method, and evidence of 
motor impairment of low grade Roentgenoscopic examination gave evidence of a 
small filling defect on the lesser curvature and pars media, characteristic of 
carcinoma A semisohd diet, totaling 2,200 calories daily, including 5 Gm of 
Harris’ brewers’ yeast, caused marked improvement, especially m the diarrhea and 
the cutaneous manifestations Operation was deferred, and at the time of the 
patient’s departure the cutaneous lesions had entirely disappeared 

The patient was admitted later to a hospital in another state because of increas- 
mg gastric discomfort and retention, undoubtedly the result of a malignant lesion 
of recent origin in the pyloric antrum 

Comment — The chief features m this case were evidence of pylonc 
obstiuction due to a malignant lesion, first legarded as benign, a his- 
tory of dietetic ’inadequacy, pellagra characterized by diarrhea and 
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lesions of the mouth, hands and wusts , nervous and mental distuibances , 
cachexia, and anemia 

Case 4 — A woman, aged 58, who had borne twelve children, first consulted us 
in 1913, because of pelvic and digestive disturbances of several years’ duration 
The digestive symptoms were suggestive of duodenal ulcer 

Examination revealed deformity of the duodenal cap Gastro-enterostom> had 
been done elsewhere in 1922 For nine months prior to the patient’s second 
admission to the clinic, m March, 1926, she had a recurrence of her original ulcer- 
like symptoms, in addition to painful epigastric seizures, with wide radiation and 
associated chills, nausea, vomiting, residual soreness and loss of weight and 
strength She was emaciated and anemic (hemoglobin 58 per cent and erythro- 
cytes 3,590,000) , there were tenderness, protective spasm throughout the epigas- 
trium and right upper quadrant of the abdomen and possibly a mass in the latter 
region The evidence suggested a poorlv functioning gastro-enterostomy stoma 
requiring surgical intervention 

At operation, the stoma was found to be small, almost completely obstructed 
and situated within about 3 cm of the pylorus There was a mass in the pylorus, 
regarded as the result of an old inflammatory process The old gastrojejunal 
anastomosis was disconnected and a new one was made in the usual situation As 
the jejunum was small and considerably traumatized, the surgeon, at the comple- 
tion of the operation, believed that extensive resection would have given better 
ultimate results 

The postoperative course was characterized by the onset of stomatitis and 
lesions on the dorsums of both hands and wrists Three months later charac- 
teristic dermatitis of glovelike distribution was found The patient had been living 
on cereals and bread only, for about a year These lesions disappeared on treat- 
ment, but the stomatitis and tendency to vomit persisted A third examination, two 
months later, revealed a serious condition, with evidence of marked involvement 
of the nervous system, depression, gastric motor disturbances and alkalenua In 
spite of energetic treatment the patient failed rapidly, and death was preceded by 
ileus, persistent vomiting, cyanosis and collapse Permission for necropsy was 
refused 

Case 5 — A man, aged 44, entered the clinic m October, 1924 He gave a his- 
tory of having had gastric disturbances intermittently for fifteen years Gastio- 
enterostomy, performed elsewhere nine months prior to admission in the clinic, 
had given relief for a month A second operation, performed by another surgeon 
seven months prior to admission, caused subsidence of the gastric pain, but vomit- 
ing, of the kind seen in retention, and diarrhea ensued Simultaneous with the 
onset of the diarrhea, a month prior to admission, the patient noted dermatitis on 
the backs of the hands and forearms, glossitis and marked loss of weight 

Examination revealed pellagrous lesions on both hands and wrists, the forehead 
and the nose There was rchlorhjdria and roentgenologic evidence of two gastro- 
enterostomy openings, as well as deformity of the duodenal cap Tnchomotias 
homims and Endameba histolytica were present in the feces A culture of the 
feces for AspeigiUus gave negative results 

Operation disclosed extensive perigastric adhesions involving the upper part 
of the intestinal tract There were two gastro-enterostomy openings, with a sharp 
kink of the intestine between them Both anastomoses were disconnected, and 
pylorectomy was performed because of the presence of a hard, indurated, duodenal 

ulcer Temporary jejunostomy was made just below the lower opening in the 

% 
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jejunum, which had been closed, and this permitted feeding by tube The 
jejunostomy wound closed spontaneously when the tube was removed three 
weeks after operation Delirium and dementia developed on the third day after 
operation and lasted a fortnight Institution of a proper diet, including fruit 
juices, brewers’ yeast and pureed green vegetables, was followed by rapid recovery 
from the mental disturbances and gradual disappearance of the cutaneous lesions 
and diarrhea The patient returned for examination a year later and was found 
to be in perfect health 

Case 6 — A man, aged 62, entered the clinic on June 14, 1926 He gave a his- 
tory of having had gastric disturbances for five years, characterized by epigastric 
discomfort, pyrosis, intolerance for acidulous fruits and constipation For a year 
he had had a sense of impaired gastric motility with regurgitation of food which 
had necessitated the restriction of his diet to soups and liquids for six months 
prior to admission He had lost w'eight 

Examination disclosed moderate emaciation, secondary anemia, achlorhydria 
and evidence of gastric retention Considerable fresh and altered blood was found 
in the gastric content There was roentgenologic evidence of an obstructing 
lesion at the pylorus Bilateral, symmetric lesions were noted on the dorsums of 
the hands , these lesions had been present for a month and were highly suggestive 
of pellagra 

At operation, two small ulcers were excised from the lesser curvature and 
pars media of the stomach These were found to be benign on microscopic 
examination, although carcinoma was ‘suspected because of anacidity and retention 
The gallbladder was distended, and there was evidence of marked pericholecystitis 
The gallbladder was removed because it was causing compression and twisting of 
the first portion of the duodenum and was probably the causative factor in the 
gastric retention 

Convalescence was uneventful After a period of improvement, the patient 
again suffered a relapse, complaining of asthenia, epigastric soreness, anemia, 
inability to gam weight, migrating arthralgia and poor circulation Five months 
later, analysis of the gastric content revealed anacidity, but there was no evidence 
of a lesion on roentgenologic examination Death occurred ten months after 
operation Necropsy was not obtained The patient’s wife reported that the 
deceased “just continued to dry up and finally starved to death ” The presence of 
cutaneous lesions was not mentioned 

Case 7 — A married woman, aged 46, came under our observation on June 17, 
1929 She gave a history of two attacks of illness, following dietary indiscretions, 
m February and May, 1929, when she passed tarry stools, associated with con- 
siderable prostration On the last occasion transfusion of 1 liter of blood had been 
necessary Anemia had been present since the last hemorrhage 

Examination revealed moderate secondary anemia, the presence of free hydro- 
chloric acid in the gastric content and roentgenologic evidence of an ulcerating 
lesion high in the cardiac end of the stomach, which, because of its size, was 
thought to be malignant 

On June 22, operation disclosed a freely movable ulcerated lesion in the fudus 
of the stomach, surrounded by an inflammatory mass about 7 cm m diameter 
Jejunostomy after the method of Witzel was made, and jejunal feedings were 
instituted 

Diarrhea appeared a month prior to the patient’s second admission, in Septem- 
ber This was followed, two weeks later, by acute proctitis, acute stomatitis and 
glossitis and roughening and Assuring of the knuckles of both hands The cuta- 
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neous lesions were sharply delineated The pellagrous nature of the lesions was 
verified, and they were attributed to inadequate jejunal feedings, owing to a 
misrepresentation of instructions on the part of the patient The concentration 
of hemoglobin was 67 per cent, and the erythrocytes numbered 4,710,000 Tbe 
concentration of hydrochloric acid in the gastric content was somewhat reduced 
The patient was given a diet high in vitamin G, including scraped beef, fresh fruit 
juices, dried brewers’ jeast and salmon The daily intake of food was equivalent 
to 2,400 calories The patient’s weight was maintained on this regimen There 
was marked and rapid improvement in the lesions of the skin and mucous mem- 
branes The size of the gastric lesion remained unchanged 

In November, a third examination revealed an increase in weight of 16 pounds 
(7 3 Kg ) The anemia persisted, and, owing to the local discomfort caused by 
the jejunal tube, it was removed Meals with a high content of vitamin and iron 
were resumed without incident The lesion in the stomach was reduced in size, 
the stomach was more flexible m the region of the lesion and the patient was in 
much better spirits In February, 1930, examination showed that the patient had 
regained her normal weight, the anemia had disappeared, the acidity of the gastric 
content was normal, there were no subjective complaints and the roentgenologic 
examination reiealed persistence of a niche, reduced somewhat further in size 

Comment — In this case, tfKhe was a deficiency disease, with 
cutaneous lesions of a pellagious hature, as the result of postopei ative 
jejunal feedings m the piesence df a large lesion situated high in the 
stomach The lesion may have b<!hn benign oi malignant, it was not 
feasible to remove it at the time of apeiation 

Case 8 — A woman, aged 45, enterep ,\he clinic in Octobei, 1927, complaining 
of gastric disturbances of about ten years duration Tier diet had been markedly 
restricted for a long time, and at times she had been unable to retain even water 
The condition had been diagnosed previously as hour-glass stomach on the basis 
of an apparent syphilitic gumma Antisyphilitic treatment was instituted, but m 
spite of improvement, the patient eliminated vegetables, fruit and meat from her 
diet to a large extent 

Examination revealed an anemic markedly undernourished woman There 
were achlorhydria and a filling defect rather charactenstic of syphilis m the 
pyloric antrum, and the Wassermann reaction of the blood was strongly positive 
There was evidence of “fading” pellagrous dermatitis on the dorsa of both hands 
Marked symptomatic improvement, barring a temporary setback caused by exfolia- 
te e dermatitis of low grade, followed antisyphilitic treatment and a suitable diet 

Comment — In oui opinion a patient with advanced gastnc syphilis 
is an excellent candidate for giave nutritional disturbances and especially 
for pellagra Frequently theie is maiked conti acture of the stomach 
with coriespondmg reduction m its capacity, anacidity, anorexia, inability 
as the lesult of coincident involvement of the liver and cachexia It is 
to partake of food m adequate amounts, giave metabolic disturbances 
possible that evidences of pellagra frequently have been overlooked in 
such persons 

CAse 9 — A married woman aged 33, entered the clinic on March 8, 1922 
There was a background of a psvchoneurotic family historv The patient was 



EbSTLRMAN-O’LEARY— PELLAGRA 


647 


nervous and asthenic, and her married life was unhappy She gaie a lnstor\ of 
severe hematemesis and melena eight 3 ears prior to admission This had been 
attributed to gastric ulcer by a local physician For six 3 ears prior to admission 
she had given evidence of mental derangement, apparent^ of the manic-depressive 
t 3 r pe Five months prior to coming to the clinic she attempted to commit suicide 
by drinking strong lye This was followed by marked progressive obstruction of 
the esophagus, which necessitated liquid nourishment given in small amounts 
Owing to her depression she often refused nourishment in any form, and this 
resulted in marked loss of weight and strength Three previous, unsuccessful 
attempts at dilatation of the esophagus had been made Three weeks prior to 
admission, there had been an onset of diarrhea, stomatitis, glossitis and symmetric 
dermatitis on the backs of both hands, extending to the wrists, with sharp 
demarcation 

On examination the patient was found to be apathetic, prostrated and emaci- 
ated Introduction of a bougie revealed a rather dense stricture of the esophagus , 
the first obstruction was 30 cm below the incisors and the second, 5 cm lower 
These strictures were gradually dilated so that food could be swallowed freely 
The diarrhea persisted, bronchopneumonia developed two weeks after admission, 
and death occurred five da 3 ^s later Necropsy revealed chronic inflammation of 
the esophagus, with constricting scars and multiple diverticular formations, chronic 
pyloric gastritis with an old healed ulcer, advanced emaciation with terminal 
bronchopneumonia and pellagrous lesions on the skin of the hands and wrists 

Comment — It is our opinion that this is the only instance m the 
available liteiature of pellagra secondaiy to benign stncture of the 
esophagus 

Case 10 —A man, aged 45, was admitted to the clinic m November, 1923 He 
had had gastric disturbances over a period of twenty years which were suggestive 
of duodenal ulcer, and for which the gallbladder and appendix had been removed 
elsewhere in 1919, without relief from symptoms Six months later, gastro- 
enterostomy had been performed by the same surgeon The original symptoms 
still persisted, and the constipation, which had been present before the operation, 
was replaced b 3 r from eight to fifteen loose bowel movements a day There was 
also considerable loss of weight and strength, followed by depression and nervous- 
ness Five months prior to admission, the following lesions appeared symmetric 
dermatitis, glovehke in distribution, with marked pigmentation , a circumoral 
eruption hat ing a brownish-black, maculopapular, pigmented appearance , marked 
enthema of the gums and edges of the tongue and bilateral circumscribed areas 
of suprapatellar infiltration Dermatologic examination confirmed the belief that 
the lesions were pellagrous The patient had refrained from the use of milk, 
cream and fruits for years, and owing to loss of appetite and to discomfort after 
meals since the last operation, he had eaten little 

Laboratoy investigations revealed achlorhydria Roentgenologic studies of 
the stomach, duodenum and colon gave no evidence of gross disease, barring 
slight deformity and contraction of the region of the anastomosis m the stomach 
On a diet high in -utamins and the intramuscular administration of sodium caco- 
d 3 late, the cutaneous lesions disappeared within a month, and the diarrhea was 
markedly lessened The epigastric discomfort persisted m variable degree 

The patient was examined again about four years later, chiefly because of 
depression with the obsession of threatened mental disorders and the fear of 
doing violence to his family A neuropsych’atric survey did not result m a 
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diagnosis of actual psychosis, and there was no tangible evidence of recurring 
pellagra Amebas in both vegetative and encysted forms, resembling Endameba 
histolytica, and other protozoa were found in the stool, acetarsone was prescribed 
Administration of dilute hydrochloric acid in orangeade and institution of a diet 
with low residue caused prompt and marked improvement 

Case 11 — A man, aged 48, was admitted to the clinic m August, 1924 He 
gave a history of gastric disturbances, suggestive of a chronic gastric ulcer, that 
had been present for twenty-three years Gastro-enterostomy had been performed, 
and the appendix had been removed in 1914 This was followed for a year by 
daily vomiting of food and of a profuse quantity of greenish, sour fluid His 
condition gradually improved, but gaseous distress and constipation persisted 
There was no marked dietetic imbalance, although he “watched his diet carefully 
to avoid stomach trouble ” In the spring of 1923, and also in 1924, symmetric, 
erythematous areas appeared on the dorsa of both hands extending to the wrists, 
the condition was ^not relieved by wearing gloves These lesions at first were 
maculopapular, but they shortly became lesicular Residual, brownish pigmenta- 
tion and lichemfication were noted at the borders of the patches Three months 
prior to admission, paresthesia of the upper and lower extremities appeared and 
persisted In addition, weakness and depression, later associated with vertigo 
and syncope for a short period, and disturbances of speech and respiration were 
noted 

Examination revealed some malnutrition, moderate anemia, septic tonsils, pro- 
lapsed, tender and bleeding hemorrhoids and achlorhydria There was no roent- 
genologic evidence of gastric ulcer or duodenal deformity, and the stomach 
appeared to be functioning normally Ligation and excision of the internal hemor- 
rhoids two months after admission were followed by satisfactory convalescence 
In the following spring, the patient’s local physician treated him for a third 
vernal attack of “pellagrous dermatitis” without associated diarrhea, stomatitis or 
mental disturbances To successive business reverses were also attributed the 
recurrence of gastric disturbances and asthma The dermatitis responded promptly 
to a diet high in vitamins, in which fresh meat, fresh fruits, yeast and fresh 
vegetables figured prominently 

Case 12 — A man, aged 55, had been losing weight and strength for eighteen 
months prior to admission For six months he had been unable to work, and 
during that time he had lost the difference between 218 (97 7 Kg ) and 135 pounds 
(61 2 Kg ) For three months prior to admission he had complained of distress, 
usually in the region of the left hypochondrium, which came immediately after 
eating Finally, the pain became more and more constant, but it was still aggra- 
vated by the taking of food As a result, the patient had, for four or five weeks, 
limited his diet to oatmeal, a little milk and soup made of beans and potatoes 
During this time there was persistent diarrhea Shortly before he came to the 
clinic he noticed a cutaneous eruption 

Examination showed the patient to be emaciated and depressed The tongue 
was reddened and glazed There were some pulmonary emphysema, many large 
hemorrhoids and some edema of the legs Typical acute lesions of pellagra 
involved both wrists, the face and the neck A neurologic examination disclosed 
nothing abnormal Roentgenologic examination gave evidence of a small filling 
defect in the descending colon The urine contained some albumin and hyaline 
casts The concentration of hemoglobin was 57 per cent, and the erythrocytes 
numbered 4,200,000 In spite of efforts made to give him more food, he failed 
rapidly and died ten days after admission At necropsy the pathologist found 
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a carcinoma of the descending colon The lesion had perforated into the pehis 
of the left kidney Fatty changes in the liver and evidence of old healed tuber- 
culous pleuritis and lymphadenitis m the thorax were found 

Case 13 — A woman, aged 21, was admitted to the clinic m September, 1927 
There was definite clinical evidence of severe ulcerative colitis of ten months 
duration, with marked anemia, complicated by erythema nodosum and acute poly- 
arthritis in both knee joints Hospitalization for these complications had been 
necessary at home prior to coming under our observation After three months’ 
treatment, the patient had improved somewhat and was dismissed Owing to her 
failure to cooperate properly, she found it necessary to return to the clinic in 
January, 1928, with evidence of peripheral neuritis, apparent dementia, marked 
emaciation and weakness In spite of energetic treatment m the hospital, the fol- 
lowing signs developed fever and marked contracture of both legs, progressive 
emaciation, severe stomatitis and marked psychosis and purposeless tremors 
involving the muscles of the face and arms The condition of the bowels w r as 
satisfactory Eight months after the original admission, lesions on the hands 
and wrists, characteristic of pellagra, were first noticed These may have been 
present before m milder degree On institution of proper dietetic measures, with 
adequate amounts of food containing vitamin G, mental improvement and a gain 
in weight were recorded A month after the patient's return home her nurse 
reported marked general improvement 

Comment — Barnes reported a case of fatal pellagia, developing in 
a patient with chronic ulceiative colitis, m which the pellagious lesions 
were of a much moie severe degree than those seen in this case They 
involved the feet and face, in addition to the hands and wusts, and 
occurred while the patient was under dietetic treatment for colitis in 
the hospital 

SUMMARY 

Pellagra developed in eight patients with obstructing benign lesions 
or dysfunction (late, after operation) of the upper part of the digestive 
tract, in two with obstructing cai cmomatous lesions, m one with gastric 
syphilis and in two with lesions of the colon (one carcinomatous, one 
inflammatory) This secondary form of pellagra tends to support the 
theory that dietetic deficiency is the cause of the disease In the cases 
reported, the clinical manifestations of the disease were not as marked 
as those of the active, endemic type of pellagra Treatment may be 
ineffectual in cases with mechanical obstruction or in those with marked 
impairment of motility of the upper pait of the digestive tract, until the 
mechanical condition is corrected Surgical intervention is attended 
by high mortality Case reports covering the essential clinical features 
are submitted 
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In a pievious aiticle 1 dealing with the metabolism of galactose, we 
discussed the woik of vanous mvestigatois and detailed some of our 
own obseivations leading to the conclusion that galactose offers the best 
means of investigating the caibohydrate function of the livei We do 
not consider it adequate as a loutme test foi liver function, on the con- 
tiary, its limitations aie definite, and it is precisely these limitations 
that enable it to seive a special purpose, that of an aid in the differential 
diagnosis of jaundice 

The discoveiy of the glycogenic function of the livei in 1857 by 
Claude Bernard at once stimulated the mteiest of clinicians as well as 
physiologists and pathologists in the question of carbohydrate metabol- 
ism This mteiest was soon manifest in an extensive literature, and the 
idea of utilizing the sugars for testing hepatic function was a natural 
outgrowth Such attempts, however, lesulted in divergent results, and, 
particularly during the last quartei of the nineteenth century, created a 
controversy between the German and Fiench schools The German 
school, notably Quincke, 2 von Nooiden, 8 Kraus and Ludwig, 4 and 
Bloch, 5 was unable to demonstiate any marked or constant reduction of 
tolerance foi sugai m hepatic disease, the Fiench school, on the other 
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urie Wien klin Wchnschr 4 855, 1891 

5 Bloch, G Ueber alimentare Ghkosurie Ztschr f klin Med 22 525. 1893 
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hand, including Achard and Castaigne, 0 Baylac, 7 and Bierens de Haan, 8 
favored the sugai s as test substances f 01 hepatic function Strauss 3 
attempted to explain and partially reconcile these diveigences on the 
basis of the various sugars and amounts of sugai s used as test sub- 
stances 

The extent and chaiactei of livei activity m caibohydrate metabolism 
may be bnefly summarized as follows 

1 The conversion of monosaccharides (dextrose, levulose, galactose) bi ought 
to the liver cells by the blood, into glycogen, a polysaccharide closely related 
to starch 

2 The temporary storage of glycogen, as such 

3 The reconversion of glycogen into dextrose by liver enzvmes, as need arises 
for sugar throughout the body 

4 The vital character of this function 

It is with this last mentioned character, only lecently definitely 
established, that we are most concerned As eaily as 1874, Bock and 
Hoffman 10 indicated the importance of the carbohydrate function of the 
livei These investigators found a diminution of blood sugar after the 
liver had been removed or shunted from the circulation Many observers 
have lepeated these experiments, but it remained for the classic inves- 
tigations of Mann and his co-workers 11 to establish the importance of 
this function of the liver They found that immediately after the 
lemoval of the livei, the blood sugar deci eases progressively, when it 
reaches a certain rather definite limit, of from 0 06 to 0 04 per cent, a 
chaiacteristic group of symptoms appears, and, if allowed to continue, 
death soon ensues Mann showed that these phenomena could be con- 
trolled by the injection of dextrose, and that the duration of the control, 
within certain limits, depended on the amount of dextrose administered 
Mann 12 definitely stated that the removal of the liver completely severs 
a pait of the vital normal process of carbohydrate metabolism 

6 Achard, C , and Castaigne, J L’epreuve de la glycosurie alimentaire et 
ses causes d’erreur, Arch gen de med 1 27, 1898 

7 Baylac, J De la valeur de la glycosurie alimentaire dans le diagnostic 
de l’insuffisance hepatique, Compt rend Soc de biol 4 1065, 1897 

8 Bierens de Haan, J C J Ueber ahmentare Glykosurie bei Leberkranken, 
Arch f Verdauungskr 4 4, 1898 

9 Strauss, H Zur Funktionsprufung der Leber, Deutsche med Wchnschr 
27 757, 1901 

10 Bock, C , and Hoffman, F A Experimental Studien uber Diabetes, Ber- 
lin, H E Oliven, 1874 

11 Mann, F C, and Magath, T B Studies on the Physiology of the Liver 
II The Effect of the Removal of the Liver on the Blood Sugar Level, Arch 
Int Med 30 73 (July) 1922 

12 Mann, F C Modified Physiologic Processes Following Total Removal 
of the Liver, J A M A 85 1472 (Nov 7) 1925 
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It is readily seen fiom a brief review of the literature that investiga- 
tions of the use of the sugars m testing liver function were productive 
of widely valiant results and equally divergent interpretations How- 
ever, the fact seems to have been completely overlooked that nature, 
m providing for so vital a faculty, has characteristically created an organ 
with adequate reserve, such a reserve as may be demonstrated m the 
kidney, the lung, etc Then, too, little consideration was given the 
remarkable power of regeneration of the liver cells, as a result of winch, 
m chionic damage of these cells, one may 'see cellular regeneration and 
degeneration proceeding simultaneously It is because of these two 
propel ties, adequate leseive and a strong tendency to legeneiation, that 
m cases of slow or local disease of liver cells there is sufficient actively 
functioning liver tissue to maintain the carbohydrate mechanism From 
these considerations, it becomes obvious that one should expect changes 
m the carbohydi ate function of the livei only when all or nearly all 
the liver cells are damaged more 01 less acutely or when chronic 
damage of these cells has progiessed extensively and regeneration has 
failed This contention is strengthened by the experiments of Roubit- 
schek , 13 who found marked galactosuna in animals poisoned with 
phosphorus, not only was the acute diffuse damage of the liver cells, 
reflected in this galactosuna, but in those cases in which, despite 
additional poisoning with phosphorus, there was a lecession of the 
galactosuna, postmortem examination revealed regeneration of the liver 
cells These facts, then, of adequate hepatic reserve and ready hepatic 
legeneration aid in the clarification of the variable results that have 
attended the eftoits to utilize the carbohydi ate function as a loutine 
test of liver function The veiy limitations of this type of test, how- 
evei, form the basis foi its use in the diffeiential diagnosis of jaundice 
As we have pieviously indicated, a derangement of the carbohjdiate 
function of the livei might be expected m acute or subacute diffuse 
damage of the liver cells , this type of disease is usually accompanied 
by jaundice Such a derangement of function might, then, be used 
m identifying those cases of jaundice due to acute or subacute diffuse 
damage of the livei cells, m othei words, the toxic and infectious types 
of jaundice It is this group that has clinically piesented the greatest diffi- 
culty of eaily lecognition In these cases, none of our laboratory pioced- 
ures offer much aid in diagnosis It was hoped, at one time, that the 
qualitative van den Bergh reaction would seive to identify and differen- 
tiate the vanous types of jaundice , this very group of toxic and infectious 

13 Roubitschek, R Alnnentare Galaktosurie bei experimenteller Phosphor- 
vergiftung, Deutsches Arch f klm Med 108 225, 1912 
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cases proved to be its Wateiloo The need for a means of identifying 
this type is apparent We shall attempt to demonstrate in this repoit 
of our preliminary series that the carbohydrate function test selves to 
identify this group and to differentiate it from the obstructive and 
hemolytic types of jaundice For this put pose, the galactose toleiance 
test has been used It was chosen on the basis of the supenonty of 
galactose over levulose m testing liver function The mterpi etation has 
been based on the urinary output of galactose since, for the present 
at least, this appears to serve as the best measure of the utilization of 
galactose by the liver 1 

TECHNIC OF GALACTOSE TOLERANCE TEST 

This test was introduced by Richaid Bauer, of Vienna, in 1906 14 
The following is the method as we have employed it at the Jewish 
Hospital m Philadelphia for the past two years 

The test is preceded by a twelve hour fast, and the patient receives no break- 
fast On the morning of the test, the patient voids, this specimen is examined 
qualitatively for sugar Pure galactose, exactly 40 Gm , dissolved m about 500 
cc of water, usually flavored with a few drops of lemon juice, is administered 
orally The patient voids completely at the next successive five hours, and the 
specimens are collected in toto and labeled Since Cori 15 has shown that the 
rate of absorption of the sugar is independent of both the absolute amount and 
the concentration of the sugar in the intestine, the patient may have as much 
water as desired during the test, but nothing else If specimens are not obtainable 
on the hour, they are secured as close as possible to the hour periods The 
important point is that all urine voided during the five hour period following the 
ingestion of the galactose is to be collected 

Def animation of Galactose Exacted — 1 In Nondiabetic Persons Each of 
the specimens obtained at the hourly period is tested qualitatively for sugar The 
positive specimens are then mixed, the total quantity measured, and a quantitative 
determination of sugar is carried out b> the Benedict method The total amount 
of galactose excreted m the urine is then calculated 

A word may not be amiss here as to whether the sugar excreted m the urine 
after the ingestion of galactose is actually galactose The resistance of the sugar 
excreted to fermentation by yeast, its convertibility to mucic acid (Bauer, 10 
MacLean and de Wesselow 17 ) and its greater rotating effect on polarized light 
have been factors in its identification 

14 Bauer, R Ueber die Assimilation von Galaktose und Milchzucker beim 
Gesunden und Kranken, Wien med Wchnschr 56 20, 1906 

15 Cori, C F The Fate of Sugar in the Animal Body The Rate of 
Absorption of Hexoses and Pentoses from the Intestinal Tract, J Biol Chem 
66 691, 1925 

16 Bauer, R Weitere Untersuchungen ueber ahmentare Galaktosurie, Wien 
med Wchnschr 56 2538, 1906 

17 MacLean, H , and de Wesselow, O L V The Estimation of Sugar 
Tolerance, Quart J Med 14 103, 1921 
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In one study, its actual isolation from the urine (Halberkann and Kahler 18 ), 
with a comparison of the sugar obtained with pure galactose, including the melting 
point, formation of osazone and the conversion of mucic acid, has established the 
identity of the excreted sugar as galactose 

2 In Diabetic Persons It is obvious that the question of the utilizabihty of 
this test in diabetic persons should arise Bauer, 16 in one of his earlier papers, 
doubts its efficiency in such cases Our 1 studies, however, indicate that the 
utilization of galactose by the liver is independent of the condition of the pan- 
creas By applying the method suggested by Somogyi 19 for the separation of 
galactose from dextrose in the blood, we have been able to do so satisfactorily 
in the urine This method is dependent on the rapid fermentation, by a yeast 
suspension, of dextrose, as compared to that of galactose Care must be exer- 
cised in the preparation of the yeast suspension, as commercial yeast is always 
contaminated with adhering particles of wort which contain nonfermentable 
reducing substances A weighed amount of fresh commercial yeast is suspended 
in from fi\e to ten parts of water, this is centrifugated, and the water decanted 
This operation is repeated until the supernatant liquid is practically clear and 
colorless, and fails to show the presence of any reducing substances when tested 
with Fehling’s solution The yeast is then ready for use, and a 10 per cent sus- 
pension is prepared 

In dealing with this test in a diabetic person, the quantitative determination 
of sugar is carried out in the usual manner as described, and the total amount 
of sugar is estimated The urine and yeast suspension are then mixed m the 
proportion suggested by Somogyi for the blood, namelj, 1 part of urine and 7 
parts of the 10 per cent yeast suspension (To correct as nearly as possible for 
the actual volume of yeast in the suspension, an allowance of 10 per cent of the 
suspension is made, e g, if 1 cc of urine is used, 7 7 cc of the 10 per cent 
suspension of yeast is added, allowing the 0 7 cc for the volume of yeast cells in 
the suspension ) We have experimented with smaller proportions of yeast, but 
have not obtained satisfactory fermentation The mixture is then incubated for 
forty-five minutes By this method, we have been able to obtain a complete 
destruction of the dextrose in solution, while the loss of galactose has not 
exceeded 10 per cent Therefore, for all practical purposes, the determination 
ot the sugar remaining after such fermentation, represents the galactose excreted 
during the tolerance test The difference between this determination and the 
reading before fermentation represents the amount of dextrose present These 
results of fermentation are practically identical with those obtained by Corlej, 20 
using the Shaffer-Hartmann micromethod for determination 

CLINICAL APPLICATION OF THE GALACTOSE TOLERANCE TEST 

In a previous contribution, 1 we presented evidence that the noimal 
tolerance for galactose ranges between 37 and 40 Gm The normal per- 
son, then, in whom theie is no disturbance of the carbohydrate function 

18 Halberkann, J , and Kahler, H Beitrage zur Leber funktionsprufung 
Isoherung und Identifizierung der mit dem Harn angeschiedenen d-Galaktose, 
Ztschr f phys Chem 151 34, 1926 

19 Somogyi, M Reducing Non-Sugars and True Sugar m Human Blood, 
J Biol Chem 75 33, 1927 

20 Corley, R C Factors in the Metabolism of Lactose The Disposal of 
Intrai enously Administered Galactose in the Rabbit, J Biol Chem 74 1, 1927 
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of the liver, may exciete from 0 0 to 3 0 Gm of galactose m the fire 
hour peiiod following the ingestion of 400 Gm of that sugai In 
cases of jaundice due to factors othei than acute diffuse damage of the 
liver cells, sufficient active liver tissue is present to cairy on caibohj- 
drate metabolism Thus, obstructive or hemolytic jaundice gi\es leadings 
within the noimal range On the other hand, in jaundice accom- 
panying acute diffuse damage of the liver cells, the carbohydrate func- 
tion is impaiied, and the liver, unable to utilize the noimal quantity of 
galactose, allows a quantity of this sugar, laiger than normal, to pass 
and leach the geneial circulation In the absence of a kidney thieshold 
for galactose, 1 this excess appeals m the urine Hence, m jaundice with 
sufficient damage of liver cells, quantities of galactose greater than 
3 Gm appear m the mine m the five houis following the ingestion of 
400 Gm of this sugar 

A review of the liteiature on the repoited cases studied with the 
galactose toleiance test leveals many points of interest While it is, 
we believe, beyond the province of this papei to discuss these cases 
m detail, certain observations of such a review wan ant discussion Bauei 
m his eailier work 10 thought that he had found a test for cirrhosis of 
the liver It was not until two yeais after his fiist publication that he 21 
lepoited the finding of an alimentary galactosuna in catarrhal jaundice 
He reported at this time a series of ten cases of catairhal jaundice in 
which the ahmentaiy galactosuna became evident eaily in the illness, 
increased somewhat during its course, and deci eased as the jaundice 
disappeaied We have noted piactically identical observations m the 
present series of cases 

Consideiable confusion arises in reviewing the literature, because of 
the different values for the normal standards that various authois have 
adopted for the test Neugebauer 22 and Maliwa 23 considered as path- 
ologic an output of ovei 0 6 Gm after the ingestion of 40 0 Gm of 
galactose Reiss and Jehn 24 and Wagner 25 peimitted an output of 2 0 
Gm under the same conditions to be accepted as noi mal Most mvestiga- 

21 Bauer, R Ueber alunentare Galaktosurie bei Ikterus, Deutsche med 
Wchnschr 34 1505, 1908 

22 Neugebauer, H Zur Pathogenese des Icterus catarrhahs, Wien khn 
Wchnschr 25 514, 1912 

23 Malnva, E Bemerkungen zur Galaktose Intolerans, Med Khn 18 762, 
1922 

24 Reiss, E , and Jehn, W Ahmentare Galaktosurie bei Leberkrankheiten, 
Arch f khn Med 108 187, 1912 

25 Wagner, F Klinische Untersuchungen ueber die Bedeutung der ver- 
schiedenen Zuckerproben fur die Beurteilung der Leberfunktion, Ztschr f khn 
Med 80.174, 1914 
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tors, including ourselves, have followed Bauei, who considered outputs 
of 3 0 Gm and moie as indicative of impaired hepatic tolerance 

Worner, 20 up to 1919, had collected from various authors 165 cases 
of catarrhal jaundice in which the galactose tolerance test had been per- 
formed Of these, 133, oi 80 5 per cent had shown a urinary output 
greater than 3 0 Gm during the test In 132 collected cases of icterus 
due to tumors and gallstones, 9, or 6 8 per cent gave leadings above 
3 Gm We quote the pieceedmg figures, laigely to point out that we 
do not believe that they represent a fair estimate of the test, m spite 
of the favoiable appearance of the percentages The element of chance 
works against the test m both groups of cases Mild cases of catarrhal 
jaundice are not infrequently encounteied, it has been our experience 
with this type that the caibohydrate function of the liver is compara- 
tively slightly altered and tends to lecover rapidly In such cases, if 
the test happens to be delayed a few days, an apparently normal lesult 
may be obtained Cases of chronic damage of the liver cells (tumor, 
cirrhosis, etc ) , it must be l emembered, can also reach the state in which 
the carbohydrate function of the hvei may show impairment The 
report of Reiss and Jehn 24 lllustiated such an instance clearly They 
cited a case of ciirhosis of the liver in which they obtained an output 
of 3 9 Gm during the test Studying the clinical notes accompanying 
this case, we find lecoided a nnld icteius of the skin and sclera, and 
intermittent fever Only a few days aftei the galactose reading of 
3 9 Gm was obtained, autopsy showed a livei that giossly was entirely 
devoid of normal structure and microscopically piesented a severe 
cirrhosis with aieas of necrosis of the liver tissue The point that 
we desire to make becomes obvious — that under any condition m 
which the livei reseive foi caibohydrate function is destroyed there 
will be an abnoimal galactose tolerance It also becomes apparent 
that in such a group of cases as is lepresented by the above mentioned 
instance, no functional tests are necessaiy to help make the diagnosis 
Another point worthy of mention at this tune is that we must not 
overlook the fact that a so-called “catarrhal jaundice” may complicate 
the courses of many cases of chronic damage of the liver cells We 
experienced such an instance in a case of curhosis in which a high 
galactose output was given dui mg the jaundice but which returned to 
normal limits as the jaundice subsided 

All of the vanous conditions in which a high galactose output is 
i eported fall m the group m which diffuse damage to the liver cells of an 

26 AVorner, H Die praktische Bedeutung der Galaktoseprobe, Med Klin 
15 1142, 1919 
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acute nature has doubtlessly occuued Catauhal jaundice is most fre- 
quently reported, while aisphenamme jaundice, acute yellow atroph), 
phosphorus poisoning, syphilitic hepatitis and jaundice associated -with 
lead poisoning as well as with vauous acute infections make up the list ol 
other types of cases in which this test has been found positive 

The appended tables of our series of cases are divided into hemolytic 
toxic and obstructive jaundice The column “duration of jaundice” indi- 
cates the duration of the jaundice at the time at which the galactose tolei- 
ance was obtained The last column indicates the numbei of giams of 
galactose excreted during the five-hour test peuod A glance at the 
aveiage output of each of the gioups of jaundice piesented will justify 
much that has been stated m the foiegoing paragiaphs 

CONCLUSION 

We believe that the galactose toleiance test ofteis a means of iden- 
tifying early the gioup of toxic 01 infectious jaundice, a group of cases 
that often tax the diagnostic acumen of the keenest clinicians In the 
pielimmaiy piesentation of the aforementioned gioup of thnty-nine 
cases of various types of jaundice, we feel that the lesults aie sufficiently 
sti llung to wairant fuither and moie geneial investigation 

SUMMARY 

The observations m that} -nine cases of jaundice have been pie- 
sented On the basis of the galactose toleiance test peifoimed m each 
case, the piesence 01 absence of acute or subacute diffuse damage of 
the liver cells has been detei mined, and wheievei possible, confirma- 
tion of diagnosis has been made by operation, biopsy 01 autopsy The 
basis foi the use of a sugai tolerance test in differentiating these gioups 
of cases of jaundice has been descnbed, the differentiation is attributed 
to the diffuse destiuction or deiangement of the hepatic cells, with con- 
sequent disruption of the caibohydiate mechanism on the one hand and 
the suivival of sufficient functioning tissue to maintain so vital a 
process on the other The leasons foi the choice of galactose as the 
test sugar have been discussed in a pievious paper 27 The technic of 
the galactose tolerance test as used in these investigations is given 

27 Shay, H , Schloss, E M , and Bell, M A Metabolism of Galactose 
I Considerations Underlying the Use of Galactose m Tests of the Function of 
the Liver, Arch Int Med 47 391 (March) 1931 
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The 1 eduction of calcium m the blood m infantile tetany and m 
tetan)? due to parathyroid deficiency has been well recognized since the 
classic work of McCallum and Voegthn 1 On the other hand, no 
significant alteration in the total amount of calcium in the serum has 
been found in tetany induced by hyperventilation or by an overdosage of 
bicarbonate 2 The differences in the analytic observations of the chem- 
ical composition of the blood in tetany of diverse origin 3 led Grant and 
Goldman to conclude “Tetany occurs under so many cucumstances that 
it probably cannot be attributed to a single etiological factor” This, 
howevei, has not deteired many from attempting to establish a common 
disturbing factor as the cause of all forms of tetany Two hypotheses 
have been proposed with respect to the etiologic factors lesponsible for 
tetany 1 All forms of tetany are due to an alkaline shift m the 
acid-base balance 2 A lowering of the calcium ion concentration is 

x Submitted for publication, Aug 21, 1930 
From the Department of Medicine, San Francisco, and the Division of 
Biochemistry, Berkeley, University of California Medical School 

* This research is one of a series carried out jointly by the Department of 
Medicine and the Division of Biochemistry of the University of California 
Medical School, with the cooperation of Professors W J Kerr and Carl L A 
Schmidt 

1 McCallum, W G, and Voegtlm, C On the Relation of the Parathyroid 
Gland to the Calcium Metabolism and to Tetany, T Exper Med 11 118, 1909 

2 Grant, S B , and Goldman, A Tetany Following Forced Respiration in 
Man, Am J Physiol 52 209 (June) 1920 

3 Grant (footnote 2) McCallum, W G, and others Effect of Pyloric 
Obstruction in Relation to Gastric Tetany, Bull Johns Hopkins Hosp 31 1 (Jan ) 
1920 Harrop, G A Production of Tetany by Intravenous Infusion of Sodium 
Bicarbonate, ibid 30 62 (March) 1919 
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the cause of tetany in all cases The results of expenments earned out 
by us and otheis do not bear out either of these hypotheses as the sole 
factor responsible for tetam , and we must concui with Giant and Gold- 
man that tetany cannot be attributed to any single etiologic factor 

The experiments earned out by us support the view that infantile 
and paiathyroprival tetany are associated with a lowenng of the 
physiologically available calcium of the blood stieam In our expen- 
ments this is demonstiated b} r a deciease m the diffusible fraction of the 
seium calcium In conti adistinction, tetany due to hyperventilation and 
an ovei dosage of a bicarbonate are induced by an alkaline shift in the 
acid-base balance of the blood without an accompanying deciease in the 
physiologically available calcium In fact, our experiments showed 
high levels foi the diffusible calcium in this form of tetany 

INFANTILE AND PARATHYROID TETANY 

In previous communications we pointed out that the accumulated 
data show that the calcium in the blood stream is present practically 
only in the plasma, and that there it exists m several forms that aie 
measuiable by analytic methods These fractions are the diffusible 
calcium, or the fraction able to pass thiough a membrane impermeable 
to colloids, and the nondiffusible calcium, the fi action held back by a 
membrane impermeable to colloids The diffusible fraction contains the 
ionic blood calcium and the nondiffusible calcium is m all probability 
combined with the plasma proteins in a nomomzed compound The 
amount of nondiffusible calcium, then, may vary with the changes in the 
plasma piotems 

The piesent methods of analysis of calcium, based mostly on the 
Kiamer and Tisdall procedure , 4 determine the total amount of calcium 
in the blood serum and do not diffeientiate between the physiologic 
states of the various fractions Fluctuations m the difiusible and non- 
diffusible calcium fi actions can occur m such a manner that they aie 
not revealed by the analysis of the total amount of calcium, and theiem 
lies a probable explanation for the discrepancies between laboratory 
and clinical observations in numerous instances of juvenile and para- 

4 Kramer, B , and Tisdall, F F Clinical Method for Quantitative Determina- 
tion of Calcium and Magnesium in Small Amounts of Serum and Plasma, Bull 
Johns Hopkins Hosp 32 44 (Feb ) 1921 Tisdall, F F A Note on the 
Kramer-Tisdall Method for the Determination of Calcium m Small Amounts of 
Serum, J Biol Chem 56 439 (June) 1923 
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thyroid tetany Thus Liu 3 found that tetany may exist when the total 
amount of calcium m the serum is as high as 9 mg pei hundied cubic 
centimeters, and latent tetany may be present even when the total 
amount of calcium m the serum is as high as 10 2 mg per hundred 
cubic centimeteis Our observations in parathyroid infantile tetany 
(table 1) confirm those of Liu and show that manifest and latent 
tetany can be present when the values foi calcium m the serum are 
within the normal limits of vanation Figures for the total amount of 
calcium m the serum lying within the normal limits of vanation, when 
symptoms of tetany weie piesent, have not been an uncommon observa- 
tion at the University of California Hosiptal 

The ideal diagnostic method for tetany by chemical means would 
be a piocedure for measuring the amount of physiologically available 
calcium that is effective m the maintenance of the normal neuromuscular 
irritability But here one is confronted with the difficult problem of 
what constitutes the physiological!} 7 8 available calcium The work of 
Loe5 b, 6 Ringer, 7 and otheis pointed to the ionic calcium in the blood as 
being the best measure of physiologically available calcium for the con- 
trol of neuromusculai irritability Attempts at the determination of the 
ionic blood calcium hare been made s but all such pioposed methods 
m their present state are clinically impi acticable An analr tic pi ocedure 

5 Liu, S H Comparatne Study of Effects of Various Treatments on 
Calcium and Phosphoius Metabolism m Tetam , Chronic Juvenile Tetanv, J Clin 
In\ estigation 5 259 (Feb) 1928, Chronic Adult Idiopathic Tetany, ibid 5 277 
(Feb) 1928 

6 Loeb, J On Ion-Proteid Compounds and Their Role in the Mechanics of 
Life Phenomena, 1 The Poisonous Character of Pure NaCl Solution, Am J 
Phvsiol 3 327, 1900 , On an Apparently New Form of Muscular Irritability 
(Contact Irritability ? ) Produced by Solutions of Salts (Preferably Sodium Salts) 
Whose Anions Are Liable to Form Insoluble Calcium Compounds, ibid 5 362, 
1901 

7 Ringer, S A Further Contribution Regarding the Influence of the Dif- 
ferent Constituents of the Blood on the Contraction of the Heart, J Phvsiol 
4 2, 1883 

8 Neuliausen, B S, and Marshall, E IC, Tr Electrochemical Study of 
Condition of Several Electrolytes in Blood T Biol Chern 53 365 (Aug ) 1922 
Brmkman, R Einige Betnerkungen uber die Bedeutung des Blutkalks, Biochem 
Ztschr 95 101, 1919 Trendelenburg P and Goebel W Tetame nach Ent- 
fernung der Epithelkorperchen und Calcium Maugel lm Biute, Arch f exper 
Path u Pharmakol 89 171, 1921 



Table 1 — Observation'; vi Paiathyioid Infantile 1 clan\ 


Calcium, Inorganic Proteins 

Mg per 100 Cc Plios per Cent 

, — * , pliate, , ' > 

Plf Ivondif Mg per Alim Glob 

Name Total fusible fusible 100 Cc min nbn 


I P 


8/25/28 

G 3 

n o 
u » 

°,0 

9/ 1/28 

89 

30 

5 0 

J0/10/2S 

90 

30 

60 

6 / 6/29 

8 5 

4 2 

4 3 

Iv 

0/2S/29 

40 



9/29/29 

72 

37 

3 3 

10/ 1/29 

68 

4 0 

2 S 

Baby W 

10 2 

32 

70 



4 1 



70 

32 

44 

2 4 

93 

37 

56 



Twelve hours after convulsion, po=i 
the signs of tctnnj present 

Comulsion preceded the taking of 
sample, signs of tetanv present 

Contulsion, signs of tetany present, 
sample taken after convulsion 

Under treatment, subjecthe irrita 
bilitv present, Chvostck sign doubt 
ful, no outright signs of tetanv 
present 

Reported from a reliable clinical lab 
oratory, convulsion at time snmple 
taken 

Parathjroid extract Collip, 10 units, 
with calcium lactate by mouth 24 
hours befpre sample was taken, 
subjective symptoms present 

Medication was discontinued sample 
taken on appearance of first sub 
jeetive symptoms, consisting of ful 
ness in head and stiffness of the face 

Six weeks old, pneumonia, convul 
sions, calcium chloride administered 
bj intravenous route, dose 5 cc of 
5 per cent solution for 3 dajs, cod 
liver oil by mouth, convulsions 
ceased after therapy, none at time 
second sample tnken 

Osteomalacia, tetam , comulsion 
prior to takiing of sample 

Man, aged 36, palpitation, taclijcar 
dia, tremor of hands, mild signs of 
liyperthjroidlsm, positive Hoffman 
sign, operation, microscopic exami 
nation showed lugolizcd hvperplasm 
of the thyroid gland, sample taken 
before operation 


5/ 7/30 

72 

3*> 

37 

47 

39 

Bab} L 

10 9 

5 5 

5 4 




Be 

111 

5 S 

53 

Ma 

10 6 

54 

5 2 

LaCl 

101 

5 5 

46 

Bro 

95 

42 

53 


Chvostek and Hoffman signs, posi 
tive, patient ■very nervous, no con 
vulsions 

Patient showed subjective relief, 
Chvostek sign not obtained 
Hoffman sign doubtful 

Relapse, verj nervous, questionable 
convulsions 

Petit mnl, calcium chloride adminis 
tcred intravenouslj , cod liver oil bv 
mouth, convulsions continued, con 
sistmg of slight stiffening of legs 
and twitchings of one corner of 
mouth 

Isolated muscle cramps 
Hvsteria, carpopedal spasm 
Hvsteria, carpopedal spasm and 
extension of extremities 
Hysteria, carpopedal spasm stiffness 
of extremities, also pelvic lnfinm 
mator> disease 


S* 


4/ 5/30 71 38 33 52 4 5 23 

4/11/30 Viostcrol G minimums per day by mouth 

4/17/30 89 45 44 45 42 26 

4/17/30 Viostcrol 45 minimums per dav by mouth 

1 6 


* All data are from the Unnersitj of Cal form i hospitals except that from the medical 
sorv ice of Hr Roland Cummings, the Los Angeles County General Hospital (It is to be noted 
that the patient relapsed under large doses of viosterol ) 
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that is practicable foi the clinical laboiatory is the determination of the 
diffusible calcium fraction m the serum 0 This fraction, although it 
is not completely ionized, contains the ionic calcium of the blood There 
are many observations to indicate that the diffusible calcium can be 
used as a measure of the state of the physiologically available calcium 
m the blood stream 10 

9 Cameron and Moorhouse (J Biol Chem 63 687 [April] 1925) and recently 
Cantarow (Calcium Studies Effect of Parathyroid Extract on Diffusibility of 
Calcium in Human Beings, Arch Int Med 44 834 [Dec ] 1929) objected to the 
determination of the diffusible calcium by the methods of ultrafiltration or com- 
pensation dialysis on the ground that artificial membranes cannot give the same 
distribution of constituents as that given by the living membranes of the capillaiy 
walls in the animal body To avoid this objection, they proposed and used the 
calcium content of the> spinal fluid as a measure of the true diffusible calcium m 
the blood Accordingly, the former authors, working on parathyroidectomized 
dogs, concluded that the nondiffusible calcium disappeared in tetany, and the latter 
worker concluded that an increase in the nondiffusible fraction was responsible for 
the rise in the total amount of calcium after the injection of parathyroid extract 
m man In each instance, they have arrived at conclusions opposite to the observa- 
tions of the majority of observers employing ultrafiltration or compensation 
dialysis The validity of the results of the aforementioned authors rests on the 
correctness of the view that at all times the amount of calcium in the spinal fluid 
represents the actual value of the diffusible calcium in the blood The nondif- 
fusible calcium in this work was obtained by subtracting the amount of calcium 
in the spinal fluid from the figures for the total amount of calcium in the serum 
If the alterations in the calcium in the spinal fluid do not parallel the changes 
of the diffusible calcium in the blood, both in time and magnitude, as must 
necessarily be the case if the establishment of equilibrium between the blood and 
the spinal fluid lags, then the amount of calcium in the spinal fluid cannot be used 
as an index of the condition of the diffusible calcium in the blood and the deduc- 
tions drawn by the aforementioned authors are false One of us has recently 
presented evidence to show that the calcium in the spinal fluid is not continuously 
in equilibrium with that in the blood (Greenberg, D M , and Ballard, H A 
Comparison of the Diffusible Calcium of the Serum and the Calcium of the 
Spinal Fluid, J Biol Chem Proceedings 78 65 [May] 1928 Greenberg, D M 
with the assistance of Ballard, H E , and Dalton, J B A Comparison of 
Ultrafilterable Serum Calcium and Cerebrospinal Fluid Calcium in Humans, Proc 
Soc Exper Biol & Med 27 514, 1930), and this view is supported by the recent 
work of Hertz (Biochem Ztschr 217 337 [Jan] 1930) The authors have fur- 
ther considered the objections against the employment of artificial membranes in 
another communication (Greenberg, D M , and Gunther, L J Biol Chem 85 
491 [Jan] 1930) 

10 Stewart, C P , and Percival, G H Calcium Metabolism, Physiol Rev 
8 283 (July) 1928, Studies in Calcium Metabolism Calcium Content of Corpus- 
cles, Plasma, and Serum, Biochem J 22 548, 1928 IClinke, K Neuere Ergeb- 
msse der Calcium forschung, Ergebn d Physiol 26 235, 1928 Gunther, L, and 
Greenberg, D M The Diffusible Calcium and the Proteins of the Blood Serum 
m Jaundice, Arch Int Med 45 983 (June) 1930 
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fu" nucromethocl of ultrafiltration rccenth published b\ us 11 loi 
the deteimmation of the diffusible calcium in the blood seium oft ex s a 
relatively simple practical method for the valuation oi the state of the 
calcium fi actions in the blood and furnishes more useful data than can 
be obtained s through“the analyses of the total amount of calcium in 
the serum, pjasma or whole blood With this method, studies weic 
made on parathyroid tetany, osteomalacia with tetany and tetany due 
to hypei ventilation 

EXPERIMENTS ON PARATHYROID TETANY, JUVENILE TETANY AND 
OSTEOMALACIA WITH TETANY 

Postoperative tetany developed in three patients, two women and one 
man who had undergone opeiations for subtotal removal of the thjioid 
gland The detailed history of one case follows 

Histoiy — I F, an Italian woman, aged 33, entered the University of California 
Hospital on Feb 1, 1926, complaining of an enlarged thyroid gland, prominence of 
the eyes, rapid pulse rate and palpitation of the heart Twenty-three months 
prior to admission, she had been operated on in Switzerland because of these 
symptoms and signs At the University of California Hospital, the diagnosis of 
multiple recurrent adenoma of the thyroid was made The patient was operated 
on a second time on Feb 13, 1926, m the surgical service, at which time a bilateral 
subtotal thyroidectomy was performed On the day following the operation severe 
signs of tetany developed, as shown by the presence of carpopedal spasm and a 
bilaterally positive Chvostek sign A diagnosis of postoperative parathyroid 
tetany was made The total amount of calcium in the blood was 7 1 mg per 
hundred cubic centimeters The increased neuromuscular irritability was con- 
trolled by the combined therapy of 50 units of parathyroid extract-Collip by sub- 
cutaneous administration and 5 cc of a 10 per cent solution of calcium chloride 
given by the intravenous route every six hours Calcium salts were also adminis- 
tered by mouth Eleven days after the operation she was discharged to the out- 
patient department, quite well, with instructions to take 15 Gm of calcium lactate 
daily by mouth The total amount of calcium in the blood on the day before discharge 
was 17 mg per hundred cubic centimeters of serum However, two days after 
discharge, the patient v T as readmitted with symptoms of tetany as before The 
total amount of calcium yvas 8 7 mg per cubic centimeter Parathyroid extract- 
Collip yvas again administered in large initial doses that yvere gradually decreased 
oi er a period of eleven days, when she was again discharged to the outpatient 
department with instructions to take 2 Gm of calcium lactate by mouth three 
times daily There yvas 9 3 mg per hundred cubic centimeters of calcium m the 
blood During the period that she was followed in the outpatient department, the 
total amount of calcium varied around 8 mg per hundred cubic centimeters, with- 
out outspoken clinical signs of tetany developing 

About a 3 ear after the first attack of tetanv, the patient yvent through a normal 
piegnancy, and a congenitally rachitic infant was delnered at another hospital 
The child yvas artificially fed and Ined six months On Aug 8 , 1928, slightly less 
than tw'O and one-half years after the onset of tetany, the patient was readmitted 

11 Greenberg D M, and Gunther L On Determination of Diffusible an 1 
Non-Diffusible Calcium, J Biol Chem 85 491 (Jan ) 1930 
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to the University of California Hospital with symptoms of tetan>, and the total 
amount of calcium was 6 7 mg per hundred cubic centimeters Three months 
before this admission, a second child was born, 12 which she nursed At the birth 
of the child she discontinued the large doses of calcium lactate (20 Gm daily) 
that she had been accustomed to taking 

On a therapeutic regimen consisting of large doses of calcium lactate adminis- 
tered by mouth m divided doses, viosterol administered orally and parathyroid 
extract-Collip given subcutaneously, the total amount of calcium in the blood rose 
to 9 5 mg per hundred cubic centimeters m eight days The patient was again 
discharged on August 18, and seven days later she was readmitted with signs of 
tetany Twenty units of parathyroid extract-Collip were administered subcu- 
taneously that evening The following morning the first specimen of blood was 
taken for stud}' of the diffusible calcium The signs of increased neuromuscular 
irritability were still present The total amount of calcium was 6 3 mg per 
hundred cubic centimeters and the diffusible calcium was 3 mg per hundred cubic 
centimeters, the nondiffusible calcium by difference was 3 3 mg per hundred 
cubic centimeters After the administration of 50 units of parathyroid extract- 
Collip, the outspoken signs of tetany diminished, but the patient remained in a 
hypenrntable state A second attack of tetany occurred in the hospital three 
days after admission (September 1) An analysis of the total amount of calcium 
at this time showed a value of 8 9 mg per hundred cubic centimeters, the dif- 
fusible calcium was 3 mg and the nondiffusible calcium 5 9 mg per hundred cubic 
centimeters 13 One and one-half months later, after the patient’s discharge, 
convulsions appeared again, and clinical signs of tetany were present The blood 
for analyses of the fractional calcium was taken within twelve hours of the 
convulsions, and showed a total amount of calcium of 9 5 mg per hundred cubic 
centimeters, a diffusible calcium of 3 mg and a nondiffusible calcium of 6 5 mg 
per hundred cubic centimeters When seen in the outpatient department, June 6, 
1929, the patient seemed to be enjoying a fair degree of health, but she ivas still 
“nervous” At this time a physical examination showed that a questionable 
Chvostek sign was present The analysis of the fractional calcium showed 
a total amount of calcium of S 5 mg per hundred cubic centimeters , the diffusible 
calcium w r as 4 2 mg and the nondiffusible calcium 4 3 mg per hundred cubic 
centimeters The clinical condition was interpreted as possibl} being latent tetany 

COMMENT 

The obseivations ate summanzed m table 1 It can be seen that in 
patient I F , in each instance, the diffusible calcium showed values 
between 3 3 and 3 mg pei hundied cubic centimeters of serum shortly 
after the onset of clinical tetaii} Dining the entile period of active 
clinical tetany, the nondiffusible calcium vai led between 3 and 6 9 mg 
per hundied cubic centimeters We have ahead} noted that Cameion 

12 After intensive treatment with cod liver oil, ultraviolet light and calcium, 
a sample of the child’s blood at the age of 4 months showed a diffusible calcium 
of 4 3 mg per hundred cubic centimeters As will be pointed out later, there is 
good reason to believe that the diffusible calcium level of the infant u'as much 
lov'er at an earlier date Diagnosis of congenital rickets was also made 

13 In this instance, while the diffusible calcium was still low, the nondiffusible 
calcium is w r ell within the normal range 
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and Mooi house 11 aimed at the conclusion that in paratlnropn.il 
tetam thcie is a reduction only in the nondiftusible calcium This was 
also claimed b) Cruickshank 15 pnor to Cameron and Moorhouse It 
this contention is collect, the nondiffusible calcium should hate dropped 
to low figures during these active states, wheieas m leaht), the anahses 
showed that the nondiffusible calcium was within normal limits m two 
of the three analyses 10 In the first anal) sis on patient I F and in the 
analyses on patients K and S , the nondiffusible calcium also showed a 
deciease confirming the observations of ion Meysenbug and McCann 17 
and Moritz 1 s that the nondiffusible as well as the diffusible calcium 
may show a deciease m tetany But we cannot confiim their contention 
that the diffusible and nondiffusible calcium necessarily deciease m 
the same ratio Om lesults aie in confoinuty with those of Liu , 5 who 
reported similarly low values for the diffusible calcium in chronic 
jmenile tetany legal dless of the state of the nondiffusible calcium 
Likewise in his cases, clinical improvement did not follow the mciease 
m the nondiffusible fraction of the serum calcium, but did follow the 
mciease in the diffusible fi action 

The nondiftusible calcium, qualitatively at least, depends on the 
amount of the serum proteins , 19 and it may vaiy in such conditions as 
nephrosis without a concomitant variation in the diffusible calcium, as 
was first indirectly inferred by Salvesen and Linder 20 and recently by 
Peters and Eiseison 21 We have obseived in two cases of nephrosis at 
the University of California Hospital , 22 a deciease in the total amount of 

14 Cameron and Moorhouse (footnote 9) 

15 Cruickshank, E W H Studies m Experimental Tetany, Distribution of 
Calcium, Colloidal and Ionic Calcium, Brit J Exper Path 4 213 (Aug) 1923 

16 In normal persons we have found the extreme -variation of between 4 1 and 
7 4 mg per hundred cubic centimeters for nondiffusible calcium and from 4 2 to 
6 8 mg per hundred cubic centimeters for diffusible calcium 

17 von Meysenbug, R, and McCann, G F Diffusible Calcium of Blood 
Serum, Human Rickets and Experimental Dog Tetanv, J Biol Chem 47 541 
(Aug) 1921 

18 Moritz, A R Effect of Ultra-Violet Irradiation on State of Serum 
Calcium, J Biol Chem 64 81 (May) 1925, The State of Serum Calcium in 
Experimental Hvpo- and Idyper-Calcemia, ibid 66 343 (Dec ) 1925 

19 Marrack, J , and Thacker, G State of Calcium in Body Fluids, Biocheni 
J 20 580, 1926 Loeb, R F , and Nichols, E G Factors Influencing Diffusi- 
bilitv of Calcium m Human Blood Serum, J Biol Chem 72 687 (April) 1927 

20 Salvesen, H A , and Linder, G C Inorganic Bases and Phosphates in 
Relation to Protein of Blood and Other Body Fluids in Bright’s Disease and m 
Heart Failure, J Biol Chem 58 617 (Dec) 1923, Relation Between Calcium and 
Protein of Serum in Tetanv Due to Parathyroidectomy, ibid 58 635 (Dec) 1923 

21 Peters, J P , and Eiserson, Leo The Influence of Protein and Inorganic 
Phosphorus on Serum Calcium, J Biol Chem 84 155, 1929 

22 This phenomenon, m nephrosis, has been further confirmed by one of us 
(L G ) on further studies conducted on the Medical Services of Drs W H 
Leake and V R Mason at the Los Angeles County General Hospital 
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calcium, as a result of deciease m the nondiftusible calcium concomitant 
with low values foi serum piotems Liu has obsened a deciease m the 
nondiffusible calcium for similar reasons in nephrosis and m kala-azar 23 
In these cases, as in cases of jaundice with low values foi the total amount 
of calcium, in which there is also a deciease in the nondiffusible 
calcium, 24 no symptoms of tetany weie observed In the mfant W, and 
m the adults with osteomalacia associated with tetany, at the time of 
convulsions, the diffusible calcium level was low, below 3 5 mg pei 
hundred cubic centimeteis similar to that seen m the pai athyi oid tetany 
m patients I F and S The diffusible calcium m the infant lose to 
41 mg pei hundred cubic centimeteis with alleviation of symptoms 
aftei five days of combined tieatment with calcium chloride admin- 
istered intravenously and cod In ei oil administered by mouth Liu 5 
has shown that the combined administration of cod lnei oil and calcium 
salts is the most effective means for relieving the symptoms of tetany'' 


Table 2 — Studies Conducted at the Univcistty of California Hospital on Sit 
Patients zvith Hypei thyi oidism Shozvmg a Tendency Tozoaid a Fltglici 
Value foi Diffusible Calcium 




Calcium, 

Inorganic* 

Serum Proteins, 




Mg per 100 Cc 

Phosphate, 

per Cent 




t 



Mg per 

t A 


Patient 

Se\ 

Total 

Diffusible 100 Cc 

Albumin Globulin 

Comment 

M 

Male 

10 2 

61 

39 

3 9 2 2 

Hyperplasia 

S 

Peinale 

10 2 

50 

37 

3 S 2 5 

Hyperplasia 

H 

Male 

10 2 

5 2 

50 

40 19 

Hyperplasia 

V 

Male 

97 

5 S 

35 

4 0 14 

Adenoma 

D 

Male 

10 5 

5 S 



Hyperplasia 

T 

Male 

10 G 

02 



Hiperplnsn 


* All values in mg per hundred cubic centimeters of serum 


In patient K , and likewise m patient S , the diffusible calcium esti- 
mated at the first appearance of subjective and objective symptoms, 
following the withdrawal of all treatment showed values of between 
3 7 and 4 mg per hundied cubic centimeteis Patient B, who was 
suffering from mild hypei plasia of the thyroid, and who showed a posi- 
tive Hoffman sign, also had a diffusible calcium of 3 7 mg per hundred 
cubic centimetei s 25 On the othei hand in the group of patients with 

23 Liu, Shih-hao Partition of Serum Calcium into Diffusible and Non- 
diffusible Portions, Chinese J Physiol 1 331 (July) 1927 

24 Gunther, L , and Greenberg, D M I The Diffusible Calcium and the 
Proteins of the Blood Serum in Jaundice, Arch Int Med 45 983 (June) 1930 

25 A low value for diffusible calcium was not the usual observation in lijper- 
plasia of the thyroid Studies conducted on six patients at the University of 
California Hospital (table 2) showed a tendency toward the higher zone for the 
normal values A low diffusible calcium is more apt to be seen following a sub- 
total thyroidectomy in patients who are apparently not entirely relieved of the 
symptoms of “nervousness” or increased neuromuscular irritability and tremor 
This is further shown by case S, from studies conducted at the Los Angeles 
Countr General Hospital 
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miscellaneous muscle cramps, including hvsteria and petit mal and m 
the patients v ith tetam, I F and S , when the} were clmicalh nnpio\ed 
the diffusible calcium levels were definitely abo\e 4 2 mg per bundled 
cubic centimeteis 

It is evident that in the conti ol of the neuiomuscular irntabiht} in 
juvenile and parathyioid tetany m which piesumably the ionic calcium 
is important, the alterations of the diftusible calcium fi action of the 
seium that contains the ionic fi action is the significant observation 
Our lesults in agreement with those of Liu 5 point to a -value of about 
3 5 mg per hundred cubic centimeteis or less of diffusible calcium as 
being associated with active manifestations of tetany, while possibl) 
values between 4 and 3 5 mg per hundi ed cubic centimetei s ma\ be 
associated with latent tetan} 

The only recent woik out of harmony with the conclusion that a 
low value for diftusible calcium is necessarily associated with the onset 
of tetany is that of Reed 20 Woikmg on paiathyioidectonnzed dogs, 
he ai lived at the conclusion that no lelationship can be established 
between the incidence and severity of tetany and either the absolute 
amount or the percentage of diffusible calcium, and that the character- 
istic featuie of prolonged paiathjioid deficiency is the tendency to 
instability of both the diffusible and nondiffusible calcium fi actions 27 

Reed used the combined diffusion and ultiafiltration method of 
Montz 1S and we have elsewdieie 11 pointed out that there is an element 
of doubt with this method because of the uncertainty that diffusion 
equilibrium is attained Even so, a sci utmy of Reed’s data show r s that 
for three of his five dogs, namely, dogs 51, 52 and 56, the incidence and 
the se\ enty of the tetany have a fairly high coil elation with the drop 
m the value of the diftusible calcium The data foi the total amount of 
calcium presented by Reed beais out oui contention that tetany may 
exist with -values for the total amount of calcium lemammg within the 
nonnal limits of vanation 

TETANY DUE TO HI PERVENTILATION 

It was pointed out m the introduction that attempts have been made 
to find either an alkaline shift in the acid-base balance or a lowenng of 
the calcium ion concentration as the responsible factor m tetany, iriespec- 

26 Reed, C I On State of Plasma Calcium in Parathyroidectomized Docs, 
J Biol Chem 77 547 (May) 192S 

27 It ma\ be pointed out that all vv ork up to the present on the relation betv een 
the severitv of tetany and the distribution of calcium in the blood suffers from the 
defect that no exact measure of muscular hyperirritabilitj has been applied, so 
that statements made on the severitv of the tetam can have only a qualitative 
significance In the future quantitative measurements of such a propertv as the 
chronaxie will be required to determine more strictlv the exact relations 
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live of the ongm Although claims have been made that there is an 
alkaline shift in the acid-base balance m infantile and paiathyroid 
tetany ,-' 8 the experiments of lecent workeis, employing the improved 
modem methods, show no alkaline shift m the blood reaction As 
examples, we may cite the work of Drucker and Faber -° and Suzuki so 
At the present time, the alkalosis theory of tetany in its application to 
tetany of juvenile and paiathyroid ongm may be consideied to have 
been eliminated 

The theoiy that a 1 eduction in the calcium ion concentration is 
responsible not only for infantile and parathyroid tetany, but also for 
tetany due to hyperventilation and an overdose of bicarbonate has become 
mainly associated with the names of Freudenbeig and Gyorgy 31 The 
essence of their theory is that increased alkalinity of the blood, increased 
inorganic blood phosphate or mci eased concentration of the bicarbonate 
ion produces a decrease in the ionic calcium without necessarily changing 
the total amount of calcium in the blood to any degiee This idea must 
furthei go back to the basis that the calcium ion concentration of the 
blood •vanes m accordance with some such formula as the Rona and 
Takahashi 32 equation From this equation 


Ca = K X 


r 

L 


C« 

Cni-fi 


m which Ca is the calcium ion concenti ation, Ch is the hydiogen ion 
concentration and Ccho 3 the bicarbonate ion concentration, it is seen 
that a deciease in the hydrogen ion 01 an increase in bicarbonate ion 
should result m a decrease in ionized calcium However, it is to be 
noted that the Rona and Takahashi equation is derived on the basis that 
the blood calcium is always at its saturation value, and that the adjust- 
ment to equihbnum is lapid If these postulates aie not true, 1 e , if 
the blood calcium is at a level below saturation or if super satui ation can 
peisist for considerable periods, then the application of the Rona and 
Takahashi formula 01 othei formulas based on the same hypotheses have 


28 Lesne, E , Turpin, R , and Guillautnin, C 0 Sur quelques variations 
physico-cliniques du plasma an cours des etats spasmoplnles chez l’enfant, Compt 
rend Acad d Sc 179 577, 1924 Cruickshank, E W H Variations m Alkali 
Reserve and Acid-Base Balance m Tetanv, Proc Soc Exper Biol & Med 21 115, 
1923 Wilson, D W , Stearns, T , and Thurlow, M P The Acid-Base Equili- 
bria in the Blood After Parathyroidectomy, J Biol Chem 23 89 (Nov ) 1915 

29 Drucker, P , and Faber, F Tetany, J Biol Chem 68 57 (April) 1926 

30 Suzuki, Kohji Experimental Study on Alkalosis, Japan M World 6 108 
(May) 1926 

31 Freudenberg, E, and Gyorgy, P Relations Between Tetany and Rachitis, 
Munclien med Wchnschi 69 422 (March 24) 1922, Tetany and Alkalosis, Klin 
Wchnschr 2 1539 (Aug 13) 1923 

32 Rona, P , and Takahashi, D Beitrag zur Frage nach den Verhalten des 
Calciums in Serum, Biochem Ztschr 49 370, 1913 
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no \<ihdit\ That the postulates on which the Rona and Taka hash 1 
equation is based are not valid is indicated b\ the work of Holt, La Mer 
and Chown 03 and Hastings, Murray and Sendicn on the solubility of 
calcium salts in blood serum 


EXPERIMENTS 

In considering how the calcium ion concentration of the blood 
might be leduced without a concomitant decrease in the total amount of 
calcium, the most reasonable view' 111 tetany due to hyperventilation and 
an oierdosage of bicarbonate is that as a result of the increased alkahnit) 
the plasma proteins aie able to combine with moie of the calcium, form- 
ing unionized compounds This would tend to keep the total amount of 
calcium high, even though the ionic calcium was being reduced How- 
evei if this were true, a fractionating into the diffusible and non- 
diffusible calcium should show' a deciease 111 diffusible calcium and an 
mciease m nondiftusible calcium To test this hypothesis, three experi- 
ments weie earned out by us on tetany induced by voluntary hyperven- 
tilation The results obtained aie show'll 111 table 3 The experiments 
w'ere earned out on young normal adults, two females and one male, 
m much the same way as the similar experiments of Grant and Gold- 
man 2 A fastei rate of breathing was employed than that used by Grant 
and Goldman, and tetany w'as thus induced in shorter periods of time 
The signs of tetam were obseived in all three cases Samples of 
the blood weie draw'll immediately before the experiment commenced 
and after definite symptoms of tetany w'ere produced The serum was 
analyzed foi the total amount of caibon dioxide by the Van Slyke 
manometiic method , 35 the p H w'as determined by the Hastmgs-Sendroy 
colonmetnc method , 30 and m a numbei of instances check detei ruina- 
tions w'ere cairied out with the qumliydrone electrode The total 
amount of calcium, diffusible calcium and inorganic phosphorus w'ere 
determined b) our previously described proceduies 11 

Table 3 shows that theie w'as a definite alkaline shift m the blood 
reaction 111 all cases amounting on the average to nearly 0 2 of a p n 

33 Holt, L E, Jr , La Mer, V K, and Chown, H B Studies in Calcifica- 
tion , Solubility Product of Secondary and Tertiary Calcium Phosphate Under 
Various Conditions, J Biol Chem 64 509 (Julj) 1925 

34 Hastings, A B , Murray, C D , and Sendrov, J , Jr Studies of Solubility 
of Calcium Salts Solubility of Calcium Carbonate in Salt Solutions and Biological 
Fluids, J Biol Chem 71 723 (Feb ) 1927 

35 Van SI} he D D, and Neill, J M Determination of Gases in Blood and 
Other Solutions b} Vacuum Extraction and Manometric Measurement, J Biol 
Chem 61 523 (Sept I 1924 

06 Hastings A B, and Sendro}, J, Jr Studies of Acidosis, Colorimetric 
Determination of Blood pn at Body Temperature Without Buffer Standards, J 
Biol Chem 61*695 (Oct) 1922 
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unit We wish to emphasize, not the absolute values of the pn but the 
relative shift As the determinations in any one experiment were 
carried out at the same time under identical conditions, the shift in the 
p K must be considered valid in spite of the objections recently raised 
against the colorimetric methods of determining blood ^ H 37 As an 
additional safeguard, we obtained agreement within the limits of the 
readings between the colorimetric method and the qumhy drone electrode 
m many check tests 


Table 3 — Results Obtained in Expei intents on Tetany Induced by 

Hyperventilation 


Calcium, In or 

CO 2 Mg per ganic 

Content, 100 Cc Phos 

per Cent Color , * ,phate, 



by 

imetric 


Dif 

Mg per 

Subject 

Volume 

Pn 

Total 

fusible 

100 Ce 

Comment 

B (female) 

Before hyper 
ventilation 

50 5 

7 53 

9 So 

5 70 

3 70 

Respiratory rate 36 per minute, sjmp 
toms tightness across forehead and 
tingling in fingers and toes, spastic 

After 15 minutes 
hyperventilation 

53 9 

7 73 

9 95 

5 SO 

3 35 

flexion of thumb and fingers of both 
hands, knee jerk reflexes hyperactive 
with increased spasticity of feet in 

T (female) 

Before hyper 
ventilation 

62 0 

7 45 

10 0 

5 35 

4 S5 

extension, Chvostek sign negative 

Respiratorj rate 40 per minute, symp 
toms spastic flexion of thumb and 
fingers of both hands knee jerk 

After 10 minutes 
hyperventilation 

00 0 

7 57 

10 S 

5 20 

4 SO 

reflexes hyperactive with increased 
spasticity of legs. Trousseau sign 
positive Chvostek sign negative, 

J J. „ 


Bnbinski sign negative, headache 
dev eloped at conclusion of experiment 


G (male) 

Before hyper 





Respiratory rate 4S per minute symp 
toms tingling of fingers and tight 

ventilation 

After 6 minutes 

70S 

7 35 9 95 

4 90 

315 

ness across forehead, spastic flexion 
of thumb and fingers of both hands. 
Trousseau positive, Chvostek sign 

hyperventilation 

021 

7 5S 10 G5 

5 30 

3 45 

slightly positive, Babinski sign 
negativ e 


The total amount of carbon dioxide in all cases shows a definite 
decrease It is to be noted that, m conformity with other workers, we 
found a slight increase in the total amount of calcium, which probably 
may be attributed to a tendency toward dehydration in the blood The 
significant observation is that the relation between the diffusible and 11011- 
diffusible calcium shows no alteration The diffusible calcium is not at 
all decreased and even shows a slight increase The expenments are 
definitely against the view that a reduction in the calcium ion concentia- 
tion is a factor m tetany produced by an alkaline shift m the acid-base 
balance, namely, in tetany induced by hyperventilation and an over- 
dosage of bicarbonate 

37 Myers, V C , and Muntwyler, E Colormetric Estimation of Hydrogen 
Ion Concentration of Blood, J Biol Chem 78 243 (June) 1928 
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It has been pointed out that the anahsis of the total amount of 
calcium in the serum is not a reliable guide to the state of musculai 
h) peril ntabihty in jmenile and parathyroid telam 

The detei initiation of the diffusible calcium fraction in the seium 
oftcis a belter criterion in such conditions Oui work and that of Liu 
point to a value of 3 5 mg per hundied cubic centuneteis oi less ot 
chflusible calcium as being associated with clinical s\ mptoms of actne 
tetam 

Tetany due to an alkaline shift in the acid-base balance, nameh 
tetaii} due to hyperventilation and an o\ei dosage of bicarbonate, shows 
no decrease m the diffusible calcium, and is iheiefoic probabl) not 
associated with a lowenng of the concentiation of ionic calcium 

841 Pacific Mutual Bldg 

Unncrsitj of California Medical School, San Francisco and Berkeley 


CORRECTION 

In the article bj Dr Fiancis C Wood, Dr Charles C Wolferlh and Mar\ M 
Lneze\, entitled, “Angina Pectoris The Clinical and Electrocardiographic Phe- 
nomena of the Attack and Their Compauson with the Effects of Experimental 
Temporary Coronary Occlusion,” which appeared in the March issue (Arch 
Int Med 47 339 1931), Dr Woods address was gnen as New' York It should 
ha\c been Philadelphia 




Book Reviews 


Arterial Hypertension By Eduard J Stieglitz, MS, MD, Assistant 
Clinical Professor of Medicine, Rush Medical College, University of Chicago 
Price, $5 50 Pp 280, with 21 illustrations New York Paul B Hoeber, 
Inc, 1930 

This book on hjpertension represents a peculiar mixture of good and bad It 
fills a certain need by its comprehensive review of the physiologic, pathologic and 
clinical concepts established as a result of the classic studies of Janeway, Allbutt 
and others It contains a complete bibliogiaphv for the most part, and this is 
well indexed Most of the general problems of hypertension are adequately dis- 
cussed, although the interest of the reader is often dulled by the ponderous diction, 
the forced analogies and the unnecessary repetition Certain deficiencies and 
omissions are conspicuous Thus, the pathology of the retinal changes and even 
the ophthalmoscopic observations are dealt with poorly 1 here is no chapter 
on experimental hypertension The chapter on renal reserve contains an unusual 
amount of extraneous material, including an unclear and none too critical dis- 
cussion of the theories of the formation of urine The most serious difficulties, 
however, are encountered in the chapters on etiology, treatment and prognosis 
Under etiology, the author lists almost everything in the past history of his 
patients, including the excessive consumption of Worcestershire sauce (page 59) 
Loose statements are found concerning the relation of thyrotoxicosis, the calcium 
content of the blood and focal infections to hypertension Is it really true or 
demonstrable that “the etiologic importance of focal infection can hardly be over- 
emphasized” (page 69) ? In discussing the treatment for hjpertension by drugs, 
the author naively assumes that iodides can dissolve scars in blood -vessels, thereby 
weakening them He states that phenobarbital and bromides lowered the blood 
pressure in from 85 to 88 per cent of cases, but curiously omits the corresponding 
statistics for his own favorite drug, bismuth subnitrate (page 138) Ihe chapter 
on prognosis illustrates how difficult it is for the medical mind to view thera- 
peutic results without shutting the critical eye In spite of these weaknesses, the 
book will be of considerable value to those interested in arterial hjpertension 
Since this is the first edition, there is opportunitv for later improvement 

Insulintherapie By E Frax t k, M D , and A Wagner, M D , Physicians ot 
the Wenzel-Hancke Hospital, Breslau Paper Price, 8 marks Pp 99 
Leipzig Georg Thieme, 1930 s 

This little book opens with a concise historical sketch of the scientific work, 
from von Mehring and Minkowski to Banting and Collip, that led to the dis- 
coverj' and isolation of insulin This is followed bj r a short discussion of the 
theories of the action of insulin and then bj r a practical exposition of the treat- 
ment for diabetes and its complications Other chapters cover insulin therapj r in 
the diabetes of children, resistance to insulin and complications attending the 
administration of insulin, especially the hypogh cenuc reaction and edema caused 
bj r insulin In a second section, critical consideration is given to the use of 
insulin in nondiabetic diseases, especally in cachexia and anorhexia, in paren- 
chjunatous lesions of the liver, m hvperthyroidism, in infections and in other 
conditions While the reviewer, from personal experience, is inclined to be some- 
what more critical than the author as to the value of insulin in nondiabetic diseases, 
he nevertheless finds the book of great interest, and recommends it highly as a 
working guide for the use of insulin in diabetes and its complications 
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NATURE OF THE SYMPTOMS ASSOCIATED WITH 
ESSENTIAL HYPERTENSION 

DAVID AYMAN, MD 

AND 

JOSEPH II PRATT, MD 

BOSTON 

SOME PRESENT-DAY CONCEPTS OF THE SYMPTOMS 

Two Gioups of Symptom r — With the increasing evidence 1 foi 
the view 2 that essential artenal hypei tension occms fiist and organic 
changes m the artenoles aie a sequence, theie has der eloped the belief 
that these apparently successive pathologic states aie accompanied b) 
sepaiate gioups of symptoms These maj be teimed the eaily and 
the late group of S) mptoms, the foimer being associated with the stage 
of puie arteiial h) pei tension and the lattei developing as a lcsult of 
the vascular changes Rolleston expiessed the belief that the eaih 
and late symptoms, which diffei in charactei, diffei also in etiolog) 

It is important, theiefoie, for piognosis and stud) to distinguish between 
the so-called eaily and late symptoms Sir Chfloid Allbutt lccogmml 
this distinction, foi, in his discussion of the sjmptom of dyspnea, he 
said that it “is a very late symptom We aie m the fifth act ” 1 Of 
similar piognostic significance are noctuna secondai) to icnal lnsuffi- 
cienc), veitigo secondary to cerebral scleiosis, etc, s> mptoms that aie 
accompanied and probably caused by widespread artenolai disease The 
eaily s) mptoms, however, aie not accompanied b) such diffuse vasculai 
disease, but occui in patients in whom, after clinical, laboratoiv and 

Submitted for publication, Sept 11, 1930 

Fiom the Medical Clinic of the Boston Dispensary and the Dnision o’ 
Research 

1 ^Moschcowutr, E Hypertension with Minimal Renal Lesions, JAM \ 
77 1075 (Oct 3) 1921 Bell, E T, and Clawson B T Primary (Essential) 
Hypertension Arch Path 5 939 (June) 1928 Kernohan, J W, Anderson 
L W and Keith, N M The Artenoles in Cases of Hypertension Arch Int 
Med 44 o95 (Sept ) 1929 Fishberg, A M Anatomic Findings in Essential 
Hypertension, Arch Int Med 35 6'0 (May) 1925 Eyans, G Causation of 
Diffuse Hyperplastic Sclerosis Brit M J 1 548 (Maicli 31) 1923 

2 Allbutt, C Senile Plethora or High Arterial Pre sure m Eldcrh Persons 
Tr Hunterian Soc 77 38, 1895-1896 

0 Rolleston II High Blood Pressure from the Clinical Aspect I ancet 
2 1203 (Dec 11) 1926 

4 Allbutt C Diseases ot the \rtenes Including Angina Pectoris, London 
191o, \ol 1, p 381 \ol 2, p 61 
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postmoi tem study, no adequate pathologic evidence is revealed to explain 
the symptoms or the associated elevation m blood pressure 5 The char- 
acter and etiology of the early symptoms — headache, dizziness, weakness, 
fatigability, in itability, neivousness, etc — are the chief subjects of the 
present study These symptoms will be teimed the eaily symptoms 
associated with essential hypertension 6 It is not cori ect to speak of 
them as the early symptoms of essential hypei tension, for (1) aitenal 
hypertension itself is only a symptom, 0 and (2) theie is no evidence 
that the elevation m blood pressure produces these early symptoms 

A group of premomtoiy signs and symptoms that precede the 
so-called early symptoms has been descnbed by several investigators 
Alvaiez 7 and Cummings 8 noted in young drafted men the frequent 
association of cyanosis of the extremities with elevated blood pressure 
Howevei, the diagnosis of essential hypertension was not established 
definitely m then patients On the other hand, O’Hare, Walker and 
Vickers 9 and Ohler 10 studied the early life history of patients with 
long lecogmzed primary hypertension They found a significant inci- 
dence of vasomotor symptoms, such as flushing, blushing, cold, sweaty 
and cyanotic hands, frequent epistaxis, abnormal flowing at menstiua- 
tion, migraine, fainting, dizzy spells and a type of personality charac- 
terized by morbid sensitiveness and a high-sti ung temperament O’Hare 
found that one or moie of these symptoms weie noted, usually about 
the second decade of life, by 42 per cent of 300 hypertensive patients, 
compared to 23 per cent of 436 patients used as controls Munk 11 
stated the opinion that an increased excitability of the vascular sjstem 
m the sense of a so-called sympathicotonia, or even a neurasthenic 
constitution, is commonly manifested in patients long before the arterial 
h) pei tension develops 

5 Moschcowitz (footnote 1, first reference) Bell (footnote 1, second refer- 
ence) MacCallum, W G Arteriosclerosis, Physiol Rev 2 70, 1922 von 
Monakow, P Blutdrucksteigerung und Niere, Deutsches Arch f klin Med 
133 129 (Aug ) 1920 Pal, J Ueber Herzhypertrophie und Hypertonie, Med 
Klin 15 662 (July 6) 1919 Munzer, E Gefaess-Sklerosen, Wien Arch f inn 
Med 2 1 (Dec) 1920 

6 Rolleston (footnote 3) Christian, H A Discussion, Am Heart J 
2 688 (Aug ) 1927 

7 Alvarez, W C Surprising Frequency of Hyper tension m a Group of 
Young Drafted Men, California State J Med 17 367 (Oct ) 1919 

8 Cummings, R S Study of One Hundred and Fifty Cases of Hyperten- 
sion, California State J Med 17 373 (Oct ) 1919 

9 O’Hare, J P , Walker, W G, and Vickers, M G Heredity and Hyper- 
tension, J A M A 83 27 (July 5) 1924 

10 Ohler, W R The Signs and Symptoms of Hypertension, Am Heart J 
2 609 (Aug) 1927 

11 Munk, F Pathologie und Nierenkrankungen, Berlin, Urban & Schwarzen- 
beig, 1925, p 562 
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Gcncial Chaiaci cashes of the Symptom c — In addition to the con- 
ception of symptom groups, eail) and late, the understanding of the 
etiology necessitates a knowledge of the general character and distnbu- 
tion of the s)mptoms Tlieie is widespiead agi cement in modem 
textbooks of medicine that the early symptoms aie common!} “mistaken 
for manifestations of functional neivous disoideis,” 12 and that “the 
geneial symptoms often lead to a diagnosis of neui asthenia ” 3 Allbutt 4 
said that “to distinguish in a particular case between h) perpiesia (essen- 
tial hypei tension) in its eailiei stages and neurasthenia may be a 
matter of some difficulty” Riseman and Weiss 11 also lecently noted 
that m the psychoneui oses there are sjmptoms similar to those m 
artenal h} pel tension It is also generall} known that the eailv symp- 
toms aie referred to all parts of the body, so that no one symptom 
is typical of the disease Kauffmann 15 and Kjlm, 10 hoyveyer, expiessed 
the belief that the symptoms they most commonly encounteied — dizzi- 
ness, headache, palpitation, weight on the chest, rheumatoid pains, 
ii i liability, mild fatigue and sexual impotence — in their totality aie 
typical of artenal hypei tension even in its earliest stages, so that in 
many patients one may make the diagnosis merely on the history The 
piesent study does not confirm this impression 

Pievious Conceptions of the Etiology of the Eaily Symptoms — 
Finally, before presenting our own observations, three views concerning 
the etiology of the eaily symptoms will be discussed, having been selected 
because of their close adherence to the modern concept of essential 
hypertension 

One view is that the eaily symptoms aie produced solely by the 
elevation in blood pressuie The evidence against this opinion may be 
summanzed as follows 1 Theie is apparently no close correlation 
between the onset, the number or severity of the symptoms and the le\ el 
of the blood piessuie 2 The symptoms may frequently be idieved 
with little or no change in the level of the blood pressure 17 3 Man\ 

12 Goodridge, M Essential Hypertension, in Cecil, R L* Textbook of 
Medicine, Philadelphia, T Nelson & Sons, 1927, p 10S0 

13 Mosenthal, H O Essential Hjpertension, in Nelson Loose Leaf Medi- 
cine, New York, Thomas Nelson & Sons, 1927, \ol 4, p 515 

14 Riseman, J E J, and Weiss, S The Symptomatology of Arterial Hyper- 
tension, Am J M Sc 180-47 (July) 1930 

15 Kauffmann, F Ueber die Haufigkeit emzelner vichtigercr Klagen und 
anamncstischer Angaben bei Kranken mit arterieller Hypertension, Munchen med 
Wchnschr 71 1230 (Sept 5) 1924 

16 Kjlm, E Die Hypertomekrankheiten, Berlin, Julius Springer, 1926, pp 
65, 36 and 103 

17 Ay-man, D An Eyaluation of Therapeutic Results m Essential Hyperten- 
sion TAMA 95 246 (July 26) 1930 
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hypertensive patients have no symptoms In this regaid, one should 
remembei that different individuals vary m their susceptibility to 
stimuli, 18 that which may produce severe headache in some people 
seems to have no effect on others 4 Many similar symptoms occur 
m both arterial hypertension and arterial hypotension, so that they 
piobably are not due to the mciease or deciease of the blood pressure 
alone 3 

The second concept considers both the symptoms and the elevation 
m blood pressure to be due to a toxemia 3 The belief that such a 
toxemia may be of bactenal origin is supported by the studies of Koess- 
ler, Lewis and Walker, 19 who found in bacterial filtrates substances 
that, when injected into animals, caused a maiked rise of blood pressure 
The possibility of a metabolic toxemia has been shown by Major 20 He 
observed that when methyl guanidine sulphate was injected intravenously 
into dogs, it produced a marked elevation of blood pressure In the 
blood of hypei tensive subjects, he found an mcieased amount of a 
substance that he believed to be guanidine 

The thud hypothesis, as proposed by Pal, 21 ICylin 22 and Laufei, 23 
is that the symptoms aie caused by a pnmaiy disturbance of the 
vegetative neivous system, a disordei that they termed vegetative neuro- 
sis, angiotonic neuiosis, etc Howevei, the authors of these terms did 
not state or imply that their so-called neurosis is of psychic ongm 
Kylin cited 22 the following evidence 1 There is a great variability 
m the blood pressure, which he said can be explained only as a nervous 
vasomotor disturbance and not as an oigamc contraction of the vessels 
2 The decreased toleiance foi carbohydrates m essential hypertension 
suggests a disordei of the vagosympathetic system 3 The maiked 
reaction after the injection of epinephnne indicates a sensitiveness of 
the sympathetic nervous system 4 The geneial symptoms of neivous- 
ness, so common m essential hypertension, cannot be distinguished fiom 
those of other neivous disorders 


18 Libman, E Observations on Sensitiveness to Pam, Tr A Am Physicians 
41 305, 1926 

19 Koessler, K K , Lewis, J H , and Walker, J A Pharmacodynamic 
Actions of Bacterial Poisons, Arch Int Med 39 188 (Feb) 1927 

20 Major, R H The Possible Relationship Between Guamdin and High 
Blood Pressure, Am J M Sc 170 228 (Aug) 1925 

21 Pal, J Arterieller Hochdruck, Klin Wchnschr 2 1151 (June 18) 1923 

22 Kylin, E Ueber die essentielle Hypertome als Teilsymptom bei einer 
funktionellen Krankheit, Acta med Scandinav 59 590, 1923 

23 Laufer, 0 Ueber Subtonm (Lowenstein) nebst Bemerkungen uber die 
Behandlung des arteriellen Hochdrucks, Med Klin 23 1150 (July 29) 1927 
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PRESENT STUDY 

We ha\e already noted the common statement of clinical investiga- 
tors that the eaily symptoms associated with essential hypertension 
closely 1 esemble those of the psychoneuroses Because of this similarity, 
the problem of the relation of the symptoms presented by hypertensive 
patients to those observed in the psychoneuroses seemed worthy of 
study The possibility of a psychic origin foi the eaily symptoms asso- 
ciated with essential hypertension was suggested by the clinical experience 
of one of us (J H P ) This idea was further encouraged by an 
earlier study, m which 17 82 per cent of forty hypertensive patients 
weie definitely relieved of their symptoms by suggestion Added sup- 
poit foi this opinion was afforded by the widespread belief that, as in 
the psychoneuroses, the gieatest lelief from the symptoms of which 
the hypertensive patients complain may be obtained by the removal 
of womes, fears and other disturbances m the psychic sphere 

The first step was to study separately the symptoms associated with 
essential hypertension and those of the psychoneuioses 

THE SYMPTOMS ASSOCIATED WITH ESSENTIAL HYPERTENSION 

Method and Material — The data weie obtained by (1) analyzing 
1(30 unselected outpatient records of hypertensive cases, and (2) sup- 
plementing 53 of these records with a personal study of the patients 
The 100 patients investigated had visited the clinic ovei penods ranging 
iiom one to seventeen years, while the known duiation of their hyper- 
tension was from one to ten yeais The minimal cntena 24 m this study 
for the diagnosis of essential hypertension were (1) many readings 
of the blood piessure of 160 mm of mercury or more, and (2) the 
absence of evidence of nephritis on chemical and microscopic examina- 
tion of the urine, normal dilution, concentration and phenolsulphon- 
phthalem tests of the kidneys There weie 17 men, with an average 
age of 55, and a lange m age between 42 and 70, theie were 83 women 
with an average age of 52, and a range m age between 32 and 74 

Since theie were 45 women m the age gioup of from 40 to 55 years, 
it might be contended that their symptoms were related to the meno- 
pause The following facts make this idea impiobable 1 Of the 
fifty-three patients studied personally, there were twenty-five whose 
sjmiptoms had begun before the age of 35 (chait 1), whereas the 
menopause occurs before 35 and after 55 m less than 0 7 per cent of 
women 25 2 Thirty-nine of the fifty-tlu ee patients had symptoms for 

24 Ay man, D Normal Blood Pressure in Essential Hypertension T A. 
M A 94 1214 (April 19) 1930 

25 Graves, W P Gynecology, ed 2, Philadelphia, W B Saunders Com- 
pany, 1918, pp 19, 22 and 12S 
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moie than ten yeais (chart 1), wheieas it is stated 25 that (a) the 
menopausal organic changes extend over a penod ranging from seveial 
months to two years at the most, and (b) the average duration of 
symptoms after artificial menopause is from two to three months 3 
Most of the women patients gave no history of a lecent or present 
menstrual distuibance 4 There were identical symptoms m the hypei- 
tensive men of the same age group 

Fieqaency of Symptoms — The accompanying table shows the inci- 
dence of the symptoms in 100 patients with essential hypertension These 
figures are derived not only from the symptoms complained of at the 





Chart 1 The individual duration of the symptoms in fifty-three hypertensive 
patients Each vertical hatched column is to be considered continuous with a 
vertical black column directly below it The total vertical height of each column 
(black plus hatched) represents the age of the individual patient The individual 
vertical black column represents the duration of the symptoms in each case For 
example, the first column represents a patient 68 years of age, whose symptoms 
have existed for forty-eight years, having commenced at the age of 20 years 


initial visit to the clinic, but from those which, m the lecorded absence 
of demonstrable oigamc disease, weie piesent previously or subse- 
quently to the first visit Hence our figuies differ from the results of 
Kauffimann lo and Schultz and Biehn, 26 who apparently tabulated only 

26 Schultz, J H , and Biehn, W Ueber die Haufigkeit emzelner wichtigerer 
Klagen und anamnestischer Angaben bei Kranken mit arteneller Hypertension, 
Deutsche med Wchnschr 51 25 (Jan 2) 1925 
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the symptoms noted at the time of observation Our figures actually 
lepiesent the totality of the symptoms m 100 patients that have occuned 
during the lecogmzed span of the hypertension, or that can be shown 
by the history to have existed more or less continuously from an earlier 
tune to the time of wilting The symptoms utilized were not transitoiy, 
but lasted for days, weeks, months and years, and were often seveie 
Chart 1, obtained in a mannei similar to table 1, lepresents the total 
duration of the symptoms (present illness) m the fifty-three patients 
who were studied personally 

General Chai actenstics — The accompanying table and chart 1 lllus- 
tiate three general chai actenstics of “hypertensive” symptoms 1 These 
symptoms are usually multiple and widespread, being referred to almost 


Ficqitency of Individual Symptoms in One Hundied Patients with Essential 

Hypo tension 


Percentage 


Headache 

72 

Pain 

G7 

“Nervousness” 

G7 

Dizziness 

06 

Fatigue and weakness 

05 

Insomnia 

03 

Constipation 

57 

Fatigue 

55 

Local or generalized flushing 

54 

Weakness 

38 

Paresthesias 

38 

Eructations of gas 

37 

Shortness of breath 

34 


Percentage 


Epigastric fulness 30 

Anorexia 28 

Heartburn 24 

Nausea 21 

Palpitation 18 

Pain over cardiac area 15 

Vomiting 14 

Tremors 12 

Choking sensation 12 

Cough 0 

Unpleasant taste in the mouth 7 

Painting G 

Loss of weight 0 


eveiy pait of the body 2 Theie is a high frequency of certain symp- 
toms, such as headache, pam, “nervousness,” dizziness and fatigue 3 
The duration of the symptoms (present illness) is unusually long 
Chait 1 shows the duiation of the symptoms m the fifty-three patients 
who weie studied personally Thirty-nine patients had symptoms over 
a period of more than ten yeais, twenty-six for more than fifteen years 
and ten for more than thirty-five years 

That only 4 of the 100 patients weie symptomless is probably due 
to the fact that m these patients the hypei tension was found in the 
course of examination foi other maladies 


SYMPTOMS OF THE PSYCIIONEUROSES 

Most authorities agree that the psychoneuroses are psychogenic 
disoideis 27 They ause fiom faulty adaptations to the difficulties of 
life Theie is a lesultant emotional pertuibation which expresses itself 

27 Ross, T A , The Common Neuroses, New York, Longmans, Green & 
Company, 1924 Dejerine, J , and Gauckler, E The Psychoneuroses, Phila- 
delphia, J B Lippmcott Companj', 1915 
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physically by symptoms The development of the symptoms depends 
on the intensity and duration of the difficulties and on the individual 
susceptibility Wheieas a simple lebuke may cause blooding and head- 
ache in highly sensitive and susceptible persons, it lequues great life 
and death conflicts, such as those in the fiont line tienches, to pioduce 
“shell-shock” psychoneui oses m others There may then result a func- 
tional disoider of any mechanism, organ or legion of the body 

The diagnosis rests on thiee facts (1) The piesence of symptoms, 
which aie often multiple, widespread and usually not conforming m 
their entnety to any other clinical picture With these are usually asso- 
ciated symptoms and signs of emotional instability such as irritability , 
inability to concentiate, excitability and attacks of weeping (2) Nega- 
tive results of a physical examination (3) Elicitation fiom the patient 
of the fact that a penod of important emotional stiess pieceded the 
development of symptoms The diagnosis may be conoboiated frnthei 
by long clinical obsenation and psychotherapeutic success 

Methods and Data — The symptoms of psjchoneurosis weie studied 
m a group of fifty psychoneurotic patients, observed peisonally, who 
had been coming to the clinic for many years because of the somatic 
s) mptoms of neui asthenia, anxiety neuiosis oi hysteria These patients, 
with normal blood piessuie, were of the same age as the hypertensive 
patients The average age was 48, with a range in age between 35 and 
66 The data weie obtained in the same way as in the hypertensive 
gioup In twenty-four of the fifty, the onset of symptoms occmred 
befoie the age of 35 (cliait 2) This fact, together with evidence 
similai to that already piesented for the hypei tensive group, makes 
unlikely a menopausal origin of the symptoms 

COMPARISON OF SYMPTOMS 0 T BOTH DISEASES 

Chart 2 illustrates the duiation of the symptoms in the fifty psycho- 
neui otic patients Twenty-nine of the fifty patients had their sv mptoms 
foi ten yeais 01 moie, eighteen for fifteen years 01 moie and eight foi 
twenty years 01 more The close similai lty in the duiation of the 
symptoms m essential hypei tension and m the psvchoneuioses is stnk- 
mgly appaient on comparison of chaits 1 and 2 

In chart 3 the fiequency, multiphcit) and widespiead distubution of 
the symptoms m the fifty psychoneui otic patients aie lllustiated by 
white hatched columns, and are compaied with the same aspects of the 
symptoms in fifty patients with essential hypei tension (black columns) 
Here again the staking agreement is evident 

However, this close similai lty between the tw r o diseases was found 
not to be limited to the geneial featuies of the sj mptoms, but to be 
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Chart 3 — Comparison of the frequency of the individual symptoms in fifty 
patients with essential hypertension (black columns) and fifty patients with 
psychoneurosis (peppered columns) The columns labeled 1 represent the symp- 
tom irritability, and indicate that irritability was a complaint in forty of fifty 
hypertensive patients, while it was present in thirty-two of fifty psychoneurotic 
patients, column 2 represents headache, 2 , pam, 4 , dizziness, 5 , insomnia, 6 , 
fatigue, 7, local or generalized flushing, 8 , constipation, 9, weakness, 10, pares- 
thesias , 11 , eructations of gas , 12 , heartburn , 13, shortness of breath , 14, epi- 
gastric fulness, 15, anorexia, 16, nausea, 17, palpitation, 18, pam over cardiac 
area, 19, vomiting, 20, tremor, 21, choking sensation, 22, cough, 23, loss of 
weight, 24, fainting, and 25, unpleasant taste 
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manifest in the chaiactei of the individual symptoms For example, 
fatigability or a feeling of weakness was one of the most common 
s}mptoms encountered m the hypertensive group Its usual intensity 
was so gieat that the patients frequently teimed it “exhaustion” It 
was brought on by slight exertion or occurred when the patient was at 
lest, and frequently was not relieved by sleep Its exact counterpait 
was regularly met with m the same frequency among the fifty ps)cho- 
neurotic patients (chart 3) Fatigability, in fact, is one of the chief 
characteristics of the psychoneuroses It is rarely found to such a 
degree m ambulatory patients with any othei chronic disease, such as 
pulmonary tuberculosis We shall also consider the symptoms headache 
and dizziness We have been unable to find among the hypertensive 
patients a type of headache that might be termed characteristic, the 
patients described this symptom variously — as heaviness, emptiness, 
fulness, the feeling as if there were a band around the head, soreness, 
burning, throbbing, etc, occurnng at any time of the day and in any 
part of the head Dizziness was also described variously, from a feeling 
of light-headedness to true vertigo The variability of the headaches 
and of the dizziness among our hypertensive patients is in conformity 
to what one sees m psychoneurotic persons 27 It should be pointed out 
that headache and dizziness occurred with slightly greater frequency 
among the hypertensive persons in our small series than among the 
psychoneurotic ones with normal blood piessure The frequency is 
seen m chart 3 A similar comparison of all the other symptoms of the 
two diseases in the fifty patients showed a striking parallelism The 
same symptoms occui red in both in about the same frequency 

THE EMOTIONAL LIVES OF HYPERTENSIVE PATIENTS 

Even if the symptoms of both diseases have a marked likeness in 
their incidence and in their general and individual characteristics, it still 
remains to be shown that the) 1 ' have a common origin Since the incep- 
tion of the symptoms of the psychoneuroses is considered the result of 
a faulty adaptation to an emotional strain, and was so found in our 
fifty cases, it leniamed to investigate this possibility m the hypertensive 
gioup This was studied m fifty-three hypertensive patients A detailed 
history of the patients’ emotional lives was recorded It was found that 
many of them had experienced emotional disturbances resulting from 
fault}'- adaptation to marked psychic and environmental difficulties 
These emotional burdens were found to extend back to youth in many 
patients and seemed to be of a magnitude surpassing those experienced 
by most normal persons Roughly, personality studies of these patients 
showed that throughout their lives they responded with a marked 
emotional reaction to the usual incidents of life In many cases, how- 
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evei, they had to face difficult situations Theie seemed to be an abnoi- 
mally high peicentage of the patients who said they had had ail “unhappy 
life” It was found, fuithei, that the sjmptoms followed emotional 
difficulties The following example lllustiates briefly the type of emo- 
tional histoiy obtained 

M L, aged 41, a widow, whose blood pressure was 210 systolic and 110 
diastolic, said that her life had been unhappy since the age of 13 She was averse 
to discussing the details of her life At the age of 16 (1905), in Russia, her 
mother forced her to marry a man with whom she was hardly acquainted He 
turned out to be a drunkard They had three children, and then her husband 
deserted her She took one of her children and went to England eighteen years 
before examination (1912), and while she was there she had a “nervous break- 
down,” the chief symptom of which was choking spells Shortly afterward she 
left for the United States She had never again seen her other two children, 
who lived with a wealthy brother in Russia Her husband joined her again, but 
she was forced to leave him because of his abuse The only child born in the 
United States had moved to a distant part of the country and had paid no attention 
to her Her husband had died in an accident nine years previously, and she had 
no regrets She had been living alone in a single room for seven years (She 
cried often during the foregoing recital ) 

i? 

Fuithei analyses showed that not only did the original onset of 
symptoms m these hypei tensive patients follow great emotional upsets, 
but m later life the recuriences of the symptoms were closely associated 
with periods of definite mental agitation, as illustrated in the following 
case 

The blood pressure of the patient had varied from 248 systolic and 120 diastolic 
to 180 systolic and 110 diastolic since she was first observed on Oct 28, 1927 On 
March 7, 1929, the patient came to the clinic complaining of fatigue, inability to 
sleep and nervousness She had been free from symptoms for a long period, but 
six weeks previously her present symptoms gradually developed and since had 
increased in intensity Physical examination revealed no abnormality except the 
elevated blood pressure 

The patient’s husband had been laid off from work six weeks previously, and 
their savings were so scanty that they were already in difficult financial straits 
For the past four weeks he had been confined to the house by a cold His irrita- 
bility and continual presence at home disturbed the patient 

It is not meant that every hypertensive patient has had great emo- 
tional difficulties and an unhappy life A few of our patients yielded 
no such information, whether because of reticence or not we do not 
know In such patients it was often noted that they had no great 
sorrows or anxieties, but a life continually full of small annoyances 
They seemed to be peisons who worried about trivialities They were 
frequently the ones with a family history of vascular disease Here 
again it is to be noted that our cases were all dispensary cases , yet there 
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is a resemblance between this last gioup of patients and the type descnbed 
by Moschcowitz, 28 which was met with in pnvate practice 

So fai it may be summarized that the early symptoms associated 
with essential hypei tension could not be differentiated fiom those of 
the psychoneuroses, either by then incidence or by their general and 
individual charactenstics , that in both groups of patients no abnormality 
on physical or laboiatory examinations could be found adequate to 
explain the symptoms, and, finally, that in both groups of patients a 
significant degree of maladjustment to emotional difficulties was found 
to explain the development of symptoms at the time they appeared 

There is available, however, some added evidence that the early 
symptoms associated with essential hypertension are due not to organic 
changes, but to the emotional maladaptation of the patient This evidence 
resides m the results of tieatment If the eaily symptoms associated 
with essential hypertension are of psychoneurotic natuie, they should 
lespond to three forms of theiapy usually effective for the symptoms 
of psychoneurotic patients (1) removal of environmental difficulties 01 
adjustment to them, (2) sedatives and (3) suggestion This has been 
found to hold tiue for our patients n 

In legard to the removal of environmental difficulties oi more ade- 
quate adaptation to them, it is piobably the form of hypertensive therapy 
that has the most widespread suppoi t 29 

The successful use of sedatives in the symptomatic therapy foi 
essential hypertension has also received wude mention 30 

Evidence for the successful effect of suggestion on “hypertensive” 
symptoms exists in an aforementioned investigation b) one of us 17 In 
this study it was found that in 82 per cent definite symptomatic lelief 
was obtained in a group of foity patients tieated by simple suggestion, 
which consisted of pi escribing a few drops of dilute hydiochlonc acid 
daily This impiessively tasting medicine, undoubtedly nonspecific, 
coupled with continual encouragement, was used over penods of from 
one week to four months with a resultant success m 82 per cent It 

28 Moschcowitz, E Hypertension Its Significance, Relation to Arterio- 
sclerosis and Nephritis and Etiology, Am J M Sc 158 668 (Nov ) 1919 

29 Mosenthal, H O The Treatment of Essential Hypertension, JAMA 
91 698 (Sept 8) 1928 Fahrenkamp, K Die psycho-physischen Wechselwirk- 
ungen bei den Hypertomerkrankungen, Stuttgart, Hippokrates, 1926 Goldscheider, 
A Ueber Wesen und Behandlung der Hypertension des Blutdrucks, Ztschr f 
arztl Fortbild 23 1 (Jan ) 1926 

30 O’Hare, J P Treatment of Hypertension, Am Heart J 2 510 (June) 
1927 Henius, K Brombehandlung bei Hypertome, Klin Wchnschr 3 958 
(May 20) 1924 
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is only fiom such a point of Mew that one can interpret many of the 
last decade’s 200 or more successes 17 m the therapy for essential hyper- 
tension 

While it seems reasonable to conclude that the early symptoms asso- 
ciated with essential hypei tension aie probably of psychic origin, the 
fundamental mechanism is not clear Constitutional influences, endocrine 
products and possibly othei factors may contribute to lessen the hypei - 
tensive patient’s psychic and physical capacity for withstanding the 
stiess and strain of life 

SUMMARY 

Clinical obseivations aie presented to suppoit the view that the eailv 
symptoms associated with essential hypertension are of psychic ongin 
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THE GAIN IN BODY WEIGHT ASSOCIATED WITH 
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In 1927, Minot and Muiphy 1 drew attention to the sti iking gam m 
body weight observed m patients with addisonian pernicious anemia who 
were given liver therapy, and this observation has been borne out by 
the majority of subsequent reports This gam in weight occurs whether 
whole livei or liver extract is used Meulengracht and Holm 2 recently 
analyzed a series of thirty-six cases, with special reference to the gam 
m body weight, and showed that the avei age gam over a period of from 
one to two years was 54 pounds (24 5 Kg), showing no appreciable 
difference m patients receiving extract or whole liver or a combination 
of the two 1 3 reported the case of one patient treated with whole liver 
who gamed as much as 20 pounds (9 Kg ) in one month Wyckoff and 
Bloomfield 4 cited the cases of two patients who were given extract only, 
and who gamed 13 5 and 91 pounds (6 3 and 41 3 Kg ) respectively 

There is a tendency to consider that this gam m weight is dependent 
on the action of the liver or of the liver extract itself rather than on the 
improvement in the blood and the general condition of the patient 
However, in 1920, Mmot, 5 leviewmg the symptomatology of pernicious 
anemia, stated that “loss of weight not infrequently occurs with relapses, 
to be regained in remissions,” and quoted the case of a man weighing 
180 pounds (81 6 Kg ), who in a series of relapses lost between 35 and 
50 pounds (15 and 22 Kg ) on each occasion, gaming back his original 
weight during a remission Such a gam of approximately 50 pounds is 
m striking accord with the average figure already quoted from Meulen- 
gracht’s series of cases m which treatment with liver was used 

Submitted for publication, Aug 5, 1930 

* From the Thorndike Memorial Laboratory, Boston City Hospital 

1 Minot, G R , and Murphy, W P A Diet Rich in Liver in the Treatment 
of Pernicious Anemia with Liver or an Effective Fraction of Liver Study of 105 
Cases, J A M A 89 759 (Sept 3) 1927 

2 M eulengracht, E , and Holm, S V egtfftrdgelsen ved leverbehandling af 

permcids anamie, Ugesk f laeger 91 479 (June 6) 1929 

3 Vaughan, J M The Liver Treatment of Anemias, Quart J Med 23 213 
(Jan) 1930 

4 Wyckoff, H A , and Bloomfield, A L Liver Extract in Pernicious 
Anemia, California & West Med 30 225, 1929 

5 Mmot, G R Clinical Discussion of the Anemias, Oxford Medicine, New 
York, Oxford University Press, 1920, vol 2 
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It would appear, therefore, that liver per se, cannot be consideied to 
exert any peculiar effect on the weight of patients with addisoman pernici- 
ous anemia, since equally striking changes weie observed before its mtio- 
duction as a therapeutic agent Such changes occur coincident with an 
improvement in the blood picture, independent of the exciting cause of 
a 1 emission 

The following factors might on theoretical grounds be lesponsible foi 
the increase in body weight (1) increased caloric intake dependent on 
the improved appetite, (2) retention of fluid leading to edema and (3) 
some alteiation m metabolism similai to that occurring in myxedema 
The object of the present investigation was to deteimme as fai as 
possible if one or more of these factors were involved 

METHODS 

Twelve cases of addisoman pernicious anemia were followed during the last 
year They showed no severe renal damage, as evidenced by the absence of 
albumin and casts from the urine and a blood pressure within normal limits The 
patients were also being studied for special purposes unconnected with the present 
inquiry They were given liver preparations by intravenous administration, as 
recently reported by Cohn, McMeekm and Mmot, 6 or digestion mixtures of beef- 
steak and gastric juice, as described by Castle and his associates, 7 to initiate a 
remission Improvement was then maintained by commercial extract 

To determine how far the caloric intake was of importance, daily records were 
kept of the exact value of the food taken The diets were low in protein, as no 
red meat was given, in order to insure that the effect of any tieatment should be 
uncomplicated by improvement possibly due to the ingestion of such meat In 
calculating the value of the protein in any diet, allowances were made for the 
amount fed in the digestion mixtures In all patients, therefore, except 1 and 12, 
the daily intake of protein did not exceed SO Gm , the average being 42 Gm 

Seven patients received a strict basal diet, allowing 25 calories per kilogram of 
body weight Two patients were given a diet well above their caloric requirements 
Three patients received first a basal ration, and when after several weeks they 
showed no gam in weight in spite of improvement in the blood picture, they were 
given one of higher caloric value during the subsequent period 

In order to ascertain whether the retention of fluid might be responsible for 
the gain in weight, records were kept of the total excretion of urine and intake of 
fluid during twenty-four hour periods It is recognized that such determinations 

6 Cohn, E J , McMeekm, T L, and Minot, G R The Nature of the 

Material Effective in Pernicious Anemia, J Biol Chem 87 49 (June) 1930 

7 Castle, W B , and Locke, E A Observations on the Etiologic Relation- 
ship of Achylia Gastrica to Pernicious Anemia, J Clin Investigation 6 2 (Aug ) 
1928 Castle, W B Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia I The Effect of the Administration to Patients 
With Pernicious Anemia of the Contents of the Normal Human Stomach Recov- 
ered After the Ingestion of Beef Muscle, Am J M Sc 178 748 (Dec) 1929 
Castle, W B , and Townsend, W C II The Effect of the Administration to 
Patients with Pernicious Anemia of Beef Muscle After Incubation with Normal 
Human Gastric Juice, ibid , p 764 
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are subject to considerable error, as DuBois 8 pointed out, but it was thought that 
they might give some indication as to whether any considerable quantity of fluid 
was retained at any time and provide at least comparative figures 

Determinations of the basal metabolic rate were made at intervals, a Benedict- 
Roth recording apparatus being used 


RELATION OF GAIN IN WEIGHT TO CALORIC INTAKE 

Table 1 shows the relation of the calouc intake to the gam in weight 
and total led blood cell count m twelve cases of pernicious anemia Only 

Table 1 — Relation of Changes in Body Weight to Calonc Intake, Red Blood 

Cell Count and Treatment 
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30 

31 

35 

26 

29 

39 

27 

44 

4 6 

39 

38 

3 3 


3 6 Digestion mixture, commercial 

extract 

4 4 Preparation given intravenous!?, 

commercial extract 
4 2 Preparation given intravenously, 
commercial extract 

4 1 Preparation given intravenouslj , 
commercial extract 
4 7 Digestion mixture, commercial 
extract 

4 7 Digestion mixture, commercial 
extract 

4 7 Digestion mixture, commercial 
extract 

Digestion mixture, commercial 
extract 

4 4 Digestion mixture, commercial 
extract 

4 7 Commercial extract 
4 7 Digestion mixture, commercial 
extract 

4 1 Digestion mixture, commercial 
extract 


. periods of time must not be regarded as those normally required to achieve the 

aegree of improvement noted either in weight or in total red cell count, since the majority of 
T?,r ents we , r< L be T l? studied for special purposes The materials tested varied considerably 
m potency, and the treatment was not always continuous 
t Too ill to weigh on entry 


one of seven patients on a stuct basal diet, when he left the hospital, 
showed a gam over his weight before treatment Six patients had a loss 
of weight varying fiom 9 75 to 0 5 pounds (from 4 4 to 0 2 Kg ) Three 
patients who received first a basal and then an increased diet showed 
an increase m weight on the latter above that on the basal diet Two 
patients who had had a diet above their calonc requirements through- 

8 DuBois, E A Metabolism in Health and Disease, Philadelphia, Lea & 
Febiger, 1924 
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out treatment showed a definite gam in weight 10 25 pounds (4 7 Kg ) 
in patient 11, m thirty-four days, and 4 25 pounds (2 Kg ) m patient 
12 m eight days The calonc intake m the first of these patients is 
difficult to calculate accurately, as he had difficulty in retaining all the 
beefsteak mixture fed by nasal tube The daily excess over his basal 
lequnements was approximately 700 calones Patient 12 did not vomit, 
and Ins excess intake was approximately 1,000 calories Therefore, four 
of five patients gained weight on an ample diet as opposed to the gain 
in weight of one of seven patients on a basal diet 

A more careful analysis of the weight during tieatment is made in 
table 2, and shows that an almost constant fluctuation occurs m the body 
weight of the patient with pernicious anemia during a remission This 
fluctuation is closely associated with changes m the led blood cells and, 

Table 2 — Relation of Changes m Body Weight to Intake of Fluid and Output 

of Unnc 
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—193 

+ 
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— 50 

+ 80 


+250 

— 82 

—294 

Not noted 

9 

No change — 5 5 

+ 4 25 

+ 8 25 

— 4G3 

—151 

—202 

Not noted 

10 


— 2 75 

+ 35 

+ 3 75 


— 1SG 


Not noted 

11 

+10 

Weight rose 

+ 9 25 

+ 8 25 

+ 60 


—102 

Not noted 



steadily 







12 

+8 0 

— 50 

+ 1 25 

+ 2 75 

+255 

—390 

— 40 

_L 


as will be shown later, with alteiations in the fluid balance It naturally 
divides the tune of lecovery into thiee distinct penods In the fiist 
period, lasting from the onset of treatment to the peak of the leticulo- 
cyte response, theie was a gam in weight in seven of the ten cases 
in which the records were complete The maximum gam was 7 25 pounds 
(3 3 Kg) m patient 1, who was lecerving a basal diet at this tune 
Two patients showed a slight loss of weight, and in one the weight 
lemamed constant 

The second penod occurred dunng the days following the peak of 
the reticulocyte rise It was charactei l/ed by a loss of weight of fiom 
18 25 to 2 75 pounds (fiom 8 3 to 1 Kg ), occurring m all patients except 
patient 11, who was leceiving an ample diet The weight started to fall 
immediately after the peak of the use and continued to fall foi a penod 
vaiying from four to twenty-one days 
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Duiing the third period there was a gam in weight in all patients 
except patient 2, whose weight remained constant With one exception, 
however, the gam in weight in the patients receiving a basal diet, cal- 
culated from the original weight before treatment, did not exceed this 
level In patients 9 and 10 the gam m weight occurred only after the 
basal diet had been increased These observations, together with the 
fact that all except two patients gamed weight m the weeks following 
their discharge from the hospital, when presumably they led more normal 
lives with no conti ol exerted on their diet, suggest that caloric intake 
plays an important l ole in the gam in weight 

It has been suggested 9 that the effect of certain liver extracts in low- 
ering the blood sugar, as described by Murphy and Blotner, 10 may 
account in part for the increased caloric intake thiough increasing 
appetite Riddle, 11 however, stated that the fall in the level of the blood 
sugar during fasting is dependent on the metabolic adjustment accom- 
panying remission rather than on the dnect influence of liver or of 
liver extract on the level of the blood sugai The one case he leported 
in which observations were made dui ing a spontaneous remission showed 
91 mg of sugar per hundred cubic centimeters as its lowest figure, 
which is hardly sufficient to account for a very appreciable increase m 
appetite 

It has also been suggested that the high content of vitamin B in 
both liver and certain liver extracts may conti lbute to the improved 
appetite and, therefore, to the„mcreased caloric intake 

Since, however, impioved appetite and gam in weight occur in spon- 
taneous remissions, it seems unlikely that vitamin B is lesponsible for 
such changes 

RELATION or GAIN IN WEIGHT TO INTAKE Or TLUID AND 

OUTPUT OF URINE 

The analysis of the relation of intake of fluid and output of unne 
to gam m weight, which is made m table 2, shows, however, that possibly 
letention of fluid may play a part m the fluctuations observed in the 
weight during a remission Variations in the fluid balance are seen to 
occur m the same periods as do alterations in body weight 

In the first period, all patients in whom the records were complete, 
except patient 9, who alone did not gam weight, showed an average daily 
excess of intake of fluid over output of urine In three patients gross 

9 Minot, G R The Treatment of Pernicious Anemia with Liver or with 
an Effective Fraction of Liver, Tr A Am Physicians 49 144, 1927 

10 Murphy, W P , and Blotner, H The Effect of Liver Feeding on the 
Blood Sugar, J Clin Investigation 4 440 (Aug) 1927 

11 Riddle, M C The Blood Sugar During Remission in Pernicious Anemia, 
A.nn Int Med 3 1097 (May) 1930 
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edema developed at this time, and m two others edema present at 
the time of admission became woise 

During the second period, the output of urine exceeded the intake 
of fluids in seven of nine patients There was, therefore, a complete 
reversal of the fluid balance associated with a similar reversal in body 
weight The edema during this period decreased rapidly 

In the third period, when all patients gamed weight, the fluid output 
still exceeded the fluid intake except m patients 1 and 4, in whom the 
edema, however, continued to decrease 

It is recognized that the measurement of the intake and output of 
fluid as an indication of the retention of water by the body is unsatis- 
factory No stress is laid on the actual figures here recorded, but the 
association of gross edema with the period of apparent letention of 
water and its diminution or complete disappearance during the second 
period suggest that there is considerable significance in the results 
obtained 

Characteristic changes m the excretion of water have long been lec- 
ogmzed in pernicious anemia Cabot 12 noted edema m 69 per cent of 
his patients Mosenthal, 13 Stieghtz 14 and Christian 15 found a change 
in excretion as evidenced by a tendency to fixation of specific gravity 
without accompanying polyuria and a relative increase in the excretion 
of urine during the night Saltzman 16 also commented on the fixation of 
specific gravity Meulengracht and his associates 17 found that the 
inability to excrete large quantities of ingested fluid shown by a patient 
during a relapse is recovered during a remission Kofanov 18 more 
recently repeated and confirmed these results on patients receiving 
liver, but did not correlate his observations with the reticulocyte crisis 
Such changes are reported not to occur in either chlorotic or posthemor- 
i hagic anemias 

12 Cabot, R C, in Osier and McCrae Modern Medicine, Philadelphia, Lea 
& Febiger, 1927, vol 5 

13 Mosenthal, H O Renal Function as Measured by the Elimination of 
Fluids, Salts and Nitrogen and the Specific Gravity of the TJrme, Arch Int Med 
15 733 (Nov ) 1915 

14 Stieglitz, E J Disturbances of Renal Function in Pernicious Anemia, 
Arch Int Med 33 58 (Jan ) 1924 

15 Christian, H A Renal Function in Pernicious Anemia, Arch Int Med 
18 429 (Oct ) 1916 

16 Saltzman, F Klmiska och patologisk-anatomiska lakttageler rorande 
njurarnas forhallande \id den perniciosa anemien, Finska lak-sallsk handl 61 
157, 1919 

17 Meulengracht, E , Iversen, P , and Nakazawa, F Pernicious Anemia 
Edema and Reduction in Excretion of Water, Arch Int Med 42 425 (Sept ) 1928 

18 Kofanov, J Beitrage zum Wasserstoffwechsel bei perniziosen Anamie, 
Wien Arch f inn Med 19 303, 1930 
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Much discussion has ansen as to the cause of this distuibance in 
ui inary excretion Is the kidney itself at fault 01 are extrarenal factors 
1 esponsible ? Stieghtz 14 and Saltzman 10 emphasized the importance of 
anatomic lesions in the kidney, but the usual tests of renal function other 
than the excretion of water show little impairment Albumin in the 
urine is not a constant featuie Cabot 12 leported a trace present m 40 
per cent of his cases, while Meulengiacht 17 found it to be a transitory 
phenomenon only in 29 per cent of his cases The excretion of thiosul- 
phate was normal in the majority of Meulengracht’s patients, and the 
same was found by Chnstian 15 using phenolsulphonthalem The evi- 
dence m lespect to the letention of urea is contradictoiy Gettlei and 
Lmdeman 19 leported retention in 50 per cent of their cases, but they 
did not coil elate then obseivations in any way with the age of the 
patient Meulengracht, 17 on the other hand, found it in only one of his 
patients, m whom cardiac decompensation was present It would appear, 
therefore, that theie is little evidence of severe renal damage while the 
albuminuria accompanying the edema of typical nephrosis is not found 

Essen and Porges 20 suggested that a deficiency of oxygen m the 
blood, dependent on the anemia, is responsible foi the faulty function- 
ing of the renal tissues Meulengiacht 17 and Kofanov, 18 however, showed 
that there is no disturbance of the excretion of watei m either posthemor- 
rhagic or chlorotic types of anemia, so that it is unlikely that the anemia 
itself, through its effect on the kidney, is responsible 

The questions of changes in the plasma proteins and colloidal osmotic 
piessuie in the plasma have lecently leceived attention De Wesselow 21 
studied nine patients who were receiving liver therapy and found, as 
eailier observers, Kahn and Barsky, 22 and Gettler and Lmdeman 19 had, 
done, that m severe stages of anemia there is a slight lowering of total 
plasma protein with a return to normal in the l emission He did not, 
however, consider the changes to be of significance Meulengracht 17 
made comparative observations on the colloidal osmotic pressure m the 
plasma in nephrosis, in pernicious anemia and m secondary anemia 
He found that although m some patients with pernicious anemia the 
pressure was lowered as much as that in the nephrotic patients, this 
i eduction was dependent on quantitative rathei than on qualitative 
changes Furthermore, some cases of posthemorrhagic anemia had a 
similar lowering of colloidal osmotic piessuie with no edema Theie also 

19 Gettler, A 0 , and Lmdeman, E The Blood Chemistry of Pernicious 
Anemia, Arch Int Med 26 453 (Oct ) 1920 

20 Essen, H, and Porges, O Ueber der Nierenfunktion bei Anannen, Wien 
Arch f inn Med 5 195, 1923 

21 deWesselow, O L V, and Barnforth, J The Blood and Plasma Volume 
in Pernicious Anemia, Lancet 1 1066 (May 26) 1930 

22 Kahn, M , and Barsky, J Studies of the Chemistry of Pernicious 
Anemia, Arch Int Med 23 334 (March) 1919 
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appeared to be no constant parallelism between the amount of edema and 
the 1 eduction in the excretion of fluids on the one hand and the lowering 
of colloidal osmotic pressure on the othei Though the lowering of 
plasma proteins may be a contributory cause of the edema present m 
pernicious anemia, it cannot alone be lesponsible 

It is possible that changes in the general metabolism of the body may 
be, m part at least, responsible foi this retention of water Newburgh 23 
recently showed that pronounced changes m the balance between weight 
and water may be caused by varying the carbohydrate content of a 
diet m which the caloric value is kept constant, and also that consideiable 
destruction of body tissues may be marked by the letention of water 
It is known that certain profound changes do occur in the chemical 
constituents of the blood at the tune of a i emission Muller 24 found 
that thei e is a rise m plasma cholesterol at this period, and Riddle 23 
leported an increase m the uric acid, which uses and then falls, having 
the same relationship to the reticulocyte peak as does the intake of 
fluids It is cleai that careful and elaboiate studies along the lines sug- 
gested by Newburgh 2G of a series of patients'with pernicious anemia at 
the time of remission aie required to enable one to determine the nature 
of the essential factois underlying the disturbance of the balance of 
watei occurring at this tune 

BASAL METABOLIC RATE 

Observations on the basal metabolic rate m the present series of 
cases were not complete, but they agiee with those of the majority of 
other observers m demonstrating that the impiovement m the blood 
picture is associated -with a return of the basal metabolic rate to normal 
oi subnormal levels Before the introduction of liver therapy, Meyer and 
DuBois , 27 Magnus-Levy , 28 Bootliby and Sandiford , 20 and Becker 30 

23 Newburgh, L H , and lohnston, M W The Nature of Obesity, J Clin 
Investigation 8 215 (Feb ) 1930 

24 Muller, G L The Relations of Cholesterol, Lecithin, Phosphorus and 
Fatty Acids to the Remission of Pernicious Anemia, Am J M Sc 179 316 
(March) 1930 

25 Riddle, M C The Endogenous Uric Acid Metabolism in Pernicious 
Anemia, J Clin Investigation 8 69 (Dec ) 1929 

26 Newburgh, L H , Johnston, M W , and Falcon-Lesses, M Measure- 
ment of Total Water Exchange, J Clin Investigation 8 197 (Feb ) 1930 

27 Meyer, A L, and DuBois, E B Clinical Calorimetry, XV, The Basal 
Metabolism m Pernicious Anemia, Arch Int Med 17 965 (June) 1916 

28 Magnus-Levy, A Der Emfluss von Krankheiten auf den Energieaushalt 
im Ruhezustand, Ztschr f klm Med 60 177, 1906 

29 Boothbj, W B, and Sandiford, I Summary of the Basal Metabolism 
Data on 8,614 Subjects with Special Reference to the Normal Standards for the 
Estimation of the Basal Metabolic Rate, J Biol Chem 54 783 (Dec ) 1922 

30 Becker, G Studien uber den Stoffwechsel bei pernizioser Anamie, Acta 
med Scandinav 63*47S, 1925-1926 
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leported a definite increase in metabolic rate during relapses, which 
returned to normal limits in the remissions Tompkins, Brittingham 
and Drinker 31 discussed a series of cases m which the level of the basal 
metabolic rate was either above or below normal during relapse, but in 
which during remissions, induced by transfusion, it returned to normal 
Grassheim 32 alone did not agree with this observation Richards and 
Straus, 33 Alt, 34 and Bauer and Baldridge 35 made the same observations 
in cases m which the patients received either liver or liver extract Alt 
claimed that the reticulocyte peak is accompanied by a rise m metabolic 
late, but his figures are not convincing and are in disagreement with 
the extremely careful daily observations of Bauer and Baldridge Three 
observations made on the cases in the present series at the time of the 
i eticulocyte response showed no increase in metabolic rate 

SUMMARY 

Con elation of the pievious observations would seem to show that 
changes of the basal metabolic late such as are found in myxedema are 
m no way responsible for the gam in weight occurnng during a remis- 
sion m pernicious anemia Two factors would appear to be involved 
(1) an initial retention of water and subsequent edema, which is transi- 
tory, the mciease in weight at this period being due to increase m 
water, and (2) an increased caloric intake associated with the general 
improvement of the patient, the increase m weight now being due to 
increase m the body tissues 

None of the patients in the present series showed the staitlmg gam 
m weight that has been reported in some instances It is clear, therefore, 
that more prolonged and detailed observations are required before it is 
possible to determine whether or not the increased caloric intake alone 
is always sufficient to account foi the increase in body weight As far 
as the evidence can be judged at present it would appear, however, that 
caloric intake plays at least an important role 

31 Tompkins, E A , Brittingham, H H , and Drinker, C K The Basal 
Metabolism in Anemia with Special Reference to the Effects of Blood Transfusion 
on the Metabolism in Pernicious Anemia, Arch Int Med 23 441 (April) 1919 

32 Grassheim, K Stoffwechseluntersuchungen bei pernizioser Anamie, 
Ztschr f klin Med 111 601, 1929 

33 Richards, D W , and Straus, M L Circulatory Adjustment in Anemia 
J Clin Investigation 5 161 (Feb ) 1928 

34 Alt, H L The Metabolism in Pernicious Anemia, Arch Int Med 43 
488 (April) 1929 

35 Bauer, A , and Baldridge, C W The Effect of Liver Extract on the 
Basal Metabolic Rate in Pernicious Anemia, Proc Soc Exper Biol & Med 
26 872 (June) 1929 
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CONCLUSIONS 

1 Obseivations on the 1 elation of gam in weight to calouc intake, 
fluid balance, basal metabolism and improvement in the led blood cell 
count have been made on twelve patients with pernicious anemia 

2 Eleven patients showed an initial gam m weight mespective of 
diet at the height of the reticulocyte use, associated with retention of 
fluid and the appearance of gross edema 

5 This initial gain m weight was followed by mci eased excretion of 
mine, disappeaiance or diminution of edema and loss of weight 

4 A body weight exceeding that at the onset of treatment, with one 
exception, was found only m the patients receiving an ample diet 

5 The improvement m the red cell count was associated with a 
leturn of the basal metabolic rate to normal or subnoimal levels 

6 The initial gam m weight associated with a i emission in pernicious 
anemia would appear to be dependent on the retention of fluids, while 
mci eased caloric intake is, at least in part, lesponsible foi the moie pio- 
longed gam in weight 
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Relatively little use is made in clinical investigation of the con- 
sideiable existing knowledge concerning the circulation and elimination 
of urobilinogen Tins is not because of any general doubt about the 
significance of urobilin m the mine and feces, because the lelationship 
of its concentration in these excieta to hepatic function, obstruction of 
the bile passages and destruction of the blood has been demonstrated 
repeatedly Rather, the apathy in this regaid may be attributed to the 
lack of any geneially accepted method of quantitation and of exact 
knowledge concerning the daily output m health and disease This 
repoit is the culmination of work begun three years ago, the purpose 
of which was to survey methods of estimation previously described 
m the literature and to use a method found to be reasonably accuiate 
in ascertaining the average amount of uiobihn eliminated pei day in 
both normal and sick persons 

HISTORICAL REVIEW 

Since the original description of uiobihn by Jaffe, m 1868, an 
extensive literatuie has accumulated The earlier publications weie 
discussed m a review by Meyer-Betz m 1913 Wilbur and Addis, m 
1914, with the description of their quantitative procedure, included a 
complete review of previously described methods A fairly thorough 
critical discussion of the literature to 1920 may be found m Eppmgei’s 
book “Die Hepato-Lienalen Erkrankungen ” These publications make 
unnecessary any exhaustive discussion of the liteiature, and m the 
following paragraphs only the more salient conti lbutions will be con- 
sidered Following Jaffe’s discovery of urobilin m the urine and bile, 
a similar pigment was observed m feces by Van Lair and Masius 
Maly’s hydrobilirubm, obtained by i eduction of bilirubin, while later 
shown to be not identical with urobilinogen, nevertheless gave stiong 
impetus to the enterogenous theory of foimation of the urobilin, which 
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was firmly supported by the clinical and expei linental imestigation of 
Mueller (This, in particular, consisted of the feeding of urobilm- 
free pig bile to a person with obstruction of the common duct whose 
stools and mine contained no urobilm, with its subsequent appeal ance 
in both) Le Nobel, in 1887, had given the name urobilinogen to the 
leuko-compound obtained by the reduction of bihiubm or urobilin 
Saillet, ten years later, studied this chromogen intensivel), and noted 
the ease with which it could be oxidized and that it was particularly 
sensitive to light In 1903, Neubauer pointed out that the hitheito 
mysterious aldehyde reaction of Ehrlich, commonly occurring m 
pathologic mines, was due to the presence of urobilinogen This reac- 
, tion was employed by Charnas m a spectrophotometric method for the 
examination of urine and later of feces, and while criticism of this 
method m later years by Wilbur and Addis and Terwen is undoubtedly 
made with reason, the results obtained by its use, as published by 
Eppmger and Chainas, amply illustrate the value of such a procedure 
m clinical investigation In 1911-1914, Hans Fischer and his asso- 
ciates afforded the most exact information yet obtained on the subject 
of chemical examination of urobilm Stated as briefly as possible, this 
admirable work accomplished the following (a) isolation of crystal- 
line “hemibihrubm” following the reduction of bilirubin by sodium 
amalgam (so-called because yield was approximately 50 per cent) , 
( b ) isolation of crystalline urobilinogen from urine and crystallographic 
proof that hemibihrubm and urobilinogen are identical, (c) conclusive 
evidence that the previously described urobilins of Maly, and of 
Garrod and Hopkins, were mixtures, and that the hemopyrrol of 
Nencla and Zaleski is not the same as urinary uiobilmogen 

As a result of this work, urobilinogen emerged as a definite sub- 
stance while uroUilm as yet has no identity While urobilm is usually 
/ considered the oxidation product of urobilinogen, a chemical individual 
with urobilm characteristics has not been isolated by treatment of native 
urobilinogen or in vitro reduction products of bilirubin On the con- 
trary, Fischer was later able to show that the crystalline product m 
. close relation with bilirubin, obtained by i eduction of the latter, to 
which he gave the name mesobilirubm, was also m close relationship 
with hemibihrubm, or urobilinogen This substance, however, failed 
to give the zinc fluorescence characteristic of urobilm Fischer was 
induced to change the name of hemibihrubm to mesobihrubmogen 
because of its evident relationship to mesobilirubm and bilirubin He 
was inclined to believe that what is ordinarily called urobilm is 
urobilinogen m relation with bile acids or cholesterol Stercobilm 
was definitely shown to be a mixture Because of the half yield in 
the reduction of bilirubin and because at first, all of the aldehyde 
reacting substance could not be xemoved from the urine with the one 
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procedure used, it was not possible to be sure that only one uiobihnogen 
existed A later method removed the substance quantitatively and, 
since it is identical with mesobilirubmogen, Fischer considered it to be 
probably the only uiobihnogen The constitution is that of a dibasic 
acid with foui pyrrol nuclei (empirical formula, C 3S H 44 N 4 0 6 ) and 
with one methin group, the latter responsible for the Ehrlich reaction 

Writers of articles on clinical medicine have given surpnsingly little 
attention to these important observations in the description and discus- 
sion of methods Eppinger considered it unfortunate that Fischer did 
not attempt the isolation of crystalline uiobihnogen by application of 
his methods to feces directly rather than by the study of “stercobilm ” 
Charnas, m 1913, described the isolation of crystalline uiobihnogen 
from feces This substance was found to differ in some respects fiom 
hemibilirubm detailed characteustics and analyses were not given 

Eppmger’s review, m 1920, contained a full discussion of the origin 
of urobilin and summed up the considerable evidence in favor of the 
enterogenous theoiy In 1923, this sum total was increased by the 
woik of Kammerer and Miller, who were able to produce urobilin in 
vitio by allowing bilirubin to remain in contact with feces under 
anaerobic conditions Two years later the series of publications by 
Elman and McMaster, who employed the new technic of Rous and 
McMaster for sterile biliary fistula, offered convincing evidence of the 
enterogenous ongm of urobilin in dogs These investigators also 
demonstiated experimentally the enterohepatic circulation of urobilm 
and the consequent importance of urobilmuna in the study of the 
function of the liver (Eppmger, from clinical observation of the 
duodenal contents, arrived at the belief that uiobihn was rarely present 
m the normal bile and that the portion resoibed from the bowel must, 
under normal conditions, be entirely utilized by the liver, albeit in an 
unknown wa_, ) 

In the experiments of Elman and McMastei, uiobihn promptly 
appeared m the urme with obstruction of the bile ducts to as little as 
one third of the parenchyma of the livei The recent clinical observa- 
tions of Wallace and Diamond are not m accord with tins observation, 
vuth their method the amount of uiobihn m the urine was not increased 
m extrahepatic obstruction of the bile duct, but was characteristic of 
injury to the paienchyma of the liver In a recent study of tests for 
liver function, Piersol and Rothman stated the opinion that uiobilmuria 
is the most delicate single evidence of derangement of the liver Elman 
and McMastei also obtained evidence to show that urobilm may be 
formed in infected biliary passages with complete obstruction of the 
common duct The uiobilmuria, which occuired with increased destruc- 
tion of the blood produced expei imentally, was considered evidence of 
a simple excess m amount over that which the liver could excrete into 
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the bile This was not Fischer’s opinion, since he found only a moderate 
amount of urine aldehyde reactions not comparable with those often 
seen in pathologic mines after feeding hemibilirubm to normal pel sons 

Methods of quantitative estimation repoited in the literature arc 
numerous A complete review of these is found m the publication b\ 
Wilbur and Addis, in 1914, and again m Eppmger’s “Die Hepato- 
Lienalen Erkrankungen,” in 1920 Apart from the gravimetnc method 
described by Hoppe-Seyler, the various methods have utilized either the 
fluorescence of urobilin with zinc salts or the urobilinogen aldehyde 
reaction or both, and these have been employed in colorimetric or dilu- 
tion methods (the latter, either of color or absorption bands) The 
spectrophotometric method may be placed m the latter group This 
was first used by Gerhardt and Mueller, who accepted Vierordt’s 
absorption value for Maly’s hydrobilirubin Charnas was the first to 
employ the aldehyde reaction in a quantitative method, he also used 
the spectrophotometei His standard substance was obtained by the 
technic of Garrod and Hopkins As mentioned previously, this as well 
as the hydrobilirubin of Maly were shown by Fischer not to be 
chemical individuals Apart from this objection, two other featuies of 
Charnas’ method have received unfavorable criticism In the method 
as applied to urines, a period of alkaline fermentation was allowed 
dui mg which it was believed that any urobilin present was converted 
to urobilinogen In the experience of Wilbur and Addis, the opposite 
is true This feature was also criticized by Meyer-Betz and Terwen 
As regards Charnas’ method for feces, Terwen has pointed out that 
loss of uiobilinogen occurs when the alkaline extract is washed with 
ether Soon after the publication of the latter method by Eppmger 
and Charnas, in 1913, Brugsch and Retzlaff employed a modification 
of it to standardize a colorimetric method The values obtained with 
this method, so far as they can be compared, and also with a latei 
modification of Charnas’ method as described by Hueck and Brehme, 
m 1923, are lower than those of Eppmger and Charnas 

Methods based on fluorescence alone, whether coloiunetnc or dilu- 
tion, are subject to two criticisms in general regaidless of the individual 
procedures The fluorescence with zinc salts varies consideiably with 
conditions present in the solution, and •while these may be adjusted 
accoidmg to Maicussen and Hanson, no method emplojmg fluorescence 
has been based on a crystalline substance, with the exception of that 
recently described by Opitz and Choremis m which Fischer’s meso- 
bihrubmogen was used to standardize a modification of Adler’s earhei 
technic Adler has pointed out the extreme range of strength of 
fluorescence of the urobilins of various writers, hemibilirubm or meso- 
bihrubmogen, after oxidation, having a much more intense fluorescence 
than any of the other materials In addition to this, the lack of chemical 
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individuality of urobilin, togethei with Fischei’s belief that what is 
commonly designated as urobilin in the urine is probably uiobilmogen 
m some relation with a fluorescent derivative of a bile acid or choles- 
terol, casts doubt on the usefulness of fluorescence and will continue 
to do so until (according to Fischer) theie are reported more exact 
quantitative analyses of urobilin-contammg urines as to urobilinogen, 
bile acids and cholesterol Adlei has lecently abandoned Ins method 
based on fluoiescence in favor of a new extraction apparatus for quanti- 
tation of meSobihrubmogen The method used by Elman and McMaster 
m their experimental woik was a colorimetric procedure in which 
fluorescence was compared with standard acriflavme solution, the latter 
originally standardized with urobilin isolated by a modification of 
Garrod and Hopkins’ technic This method of quantitation has recently 
been employed by Royer m a variety of clinical investigations and by 
Edelman, Halpern and Killian in demonstrating the prognostic value 
of urobihnuria in cardiac failure 

Methods depending on dilution of absorption bands have been con- 
siderably used, more particularly m the United States, where the technic 
described by Wilbur and Addis, m 1914, has been popular These 
investigators did not believe it possible to standardize any method on 
a chemical individual (although their publication was subsequent to 
that of Fischei’s work on urobilinogen) In this method, the absorption 
bands of the zinc compound of urobilin and the urobilmogen-aldehyde 
dye are diluted out one at a time in the same solution of urine or stool , 
the sum of the two dilutions is the value reported Dilution values for 
either absorption bands or fluorescence are subject to the personal equa- 
tion m marked degree Another objection to this method has recently 
been pointed out by Terwen, 1 e , that since mdol and skatol produce 
the same color and absorption band as does the urobilmogen-aldehyde 
compound (550-570), it is obviously necessary to lemove these sub- 
stances and this was not taken into account by Wilbur and Addis 
Saillet and Simpson had previously used spectroscopic dilution pro- 
cedures based on the urobilin band alone 

Charnas, as mentioned previously was the fiist to apply the aldehyde 
reaction to a quantitative method Some loss of urobilin undoubtedly 
occurred by this method as well as by that of Brugsch and Retzlaff, m 
the attempt to remove the interfering indol-skatol The dilution 
methods of Flatow and Brunell and of Wallace and Diamond neglect 
these substances With the doubtful exception of Charnas’ fermenta- 
tion transformation of urobilin to urobilinogen, all of these methods 
attempted to measure only the preformed urobilinogen In 1925, an 
admirable method was described by Terwen m which urobilinogen, both 
preformed and oxidized, is estimated as one, and mdol-skatol definitely 
eliminated Here again the question of chemical identity of urobilin 
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arises it is definite that urobilinogen de\elops increasing fiuoi escence 
on exposure to an and light and becomes daikei while the urobilin 
absorption band appeals m such an exposed solution Tern en was able 
to show that the Ehrlich leaction increased, and that the uiobilm band 
diminishes or disappeais with reduction of the type used in his method 
In 1927, an apparatus for the quantitatne exti action of mesobihru- 
binogen was leported by Adler, and a rear latei (1928) clinical results 
with this 'method were published by Adlei and Biessel Tei wen’s 
method yvas standardized on a nonciystalhne uiobihn, while Adlei’s 
procedure estimates only the piefotmed uiobihnogen 

DESCRIPTION or METHOD 

Of the foregoing methods, that described by Terwen was believed superior for 
clinical application While Adler’s technic quantitates a chemical individual, the 
apparatus is too complicated for the average clinical laboratory, and although the 
method is said to be colorimetric, no details of the colorimetric procedure are 
given Terwen’s method w as applied to both urine and feces , reduction and 
alkaline extraction are carried out simultaneously by a ferrous hydroxide pre- 
cipitate with an excess of sodium hydroxide The clear filtrate should not con- 
tain any urobilin band , it is acidified w ith strong tartaric acid and the urobilinogen 
extracted with ether Paradimethylaminobenzaldehvde in ether is added to a 
portion of this in another separatory funnel followed by concentrated hydro- 
chloric acid, a little distilled water and a small amount of a saturated solution 
of sodium acetate The latter is important, since Tenven was able to show that 
the red color formed by indol and the aldehvde is stable only in the presence 
of a mineral acid, while the urobilinogen-aldehyde color is unaffected by the for- 
mation of acetic acid The acetic acid is also less likely to promote oxidation 
of the urobilinogen Precipitation of any excess aldehyde in the lower aqueous 
fraction is effected, so that the yellow color returns to the ether All of these 
changes are undoubtedly attributable simply to a decrease in the hydrogen ion 
concentration of the aqueous portion More than one extraction is necessary if 
considerable urobilinogen is present The final colored solution is compared in 
an Autenrieth colorimeter with a standard sodium carbonate-phenolphthalem solu- 
tion This method was modified in the following ways, and was standardized 
with crystalline henubihrubin or mesobihrubinogen (urobilinogen), as discussed 
later 

1 A greater dilution was used in the primary' extraction Ferrous sulphate 
was used rather than ferrous ammonium sulphate as in Terwen’s method, with 
relatively more of the ferrous salt and relatively less sodium hydroxide This 
makes both the extraction and reduction more efficient 

2 The period of reduction yvas shortened to one hour Terw'en indicated 
that reduction was complete within a relatively short time, but stipulated that 
the original flask should be set aside over night In my experience, the filtrate 
usually presents no urobilin absorption band after one hour, while one is not 
infrequently present wdien left over night Furthermore, repeated colorimetric 
comparisons at intervals indicated that the optimum reduction is reached within 
from forty-fii e to ninety minutes 

3 Suction flasks yvere used for the primary extraction and reduction with 
eiacuation to hinder reoxidation 
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4 Occasional supplementary reduction in the filtrate was obtained with small 
amounts of sodium amalgam The presence of a definite urobilin band in the 
filtrate requires further reduction, and this is more easily accomplished by adding 
a small amount of 5 per cent sodium amalgam to 10 or 15 cc of filtrate for a short 
period than to recommence with larger amounts of the ferrous salt and sodium 
hydroxide Adler suggested that reduction, as in Terwen’s method, might pro- 
duce some undesirable effect on the urobilinogen Terwen’s control experiments 
did not indicate the existence of any such effect, and I did not find any significant 
variation m color before and after sodium amalgam had been in contact for a 
short time with a filtrate in which ferrous hydroxide reduction had just previously 
taken place 

5 The amount of filtrate used was varied to correspond to the relative amount 
of urobilinogen present thus making the method more sensitive and the color 
comparisons more uniform, as well as reducing the number of extractions to a 
minimum Terwen used a fixed amount of filtrate, 2 cc in analyses of the stools 
and 20 cc in the case of urine Furth and Singer recently pointed out the advan- 
tage of using large amounts of filtrate in estimating minute quantities of uro- 
bilinogen m the stool, as when an incomplete obstructive jaundice exists 

6 The method of using the entire ether extract was simplified so that only one 
separator} funnel is necessarj, without any transference of solutions Terwen’s 
use of an aliquot of the ether extract is assumed to be due to the slight solubility 
of ether in water or to retain in reserve some of the ether extract in case a check 
was believed necessarj , however, even when the original filtrate is rich m uro- 
bilinogen, after one ether extraction the aqueous fraction fails to give any alde- 
hvde reaction If a check is considered advisable, it is more satisfactory to begin 
with fresh unexposed filtrate Emulsions are uncommon and do not give rise to 
difficulty 

7 Acetic rather than tartaric acid was used for acidification of the alkaline 
filtrate This is more convenient and does not produce any error Comparative 
estimations on the same filtrate failed to show an} loss when acetic acid was 
emplo}ed This was also the experience of Furth and Singer Terwen presumably 
used tartaric acid because of its insolubility in ether In the present method, the 
urobilinogen remains in the ether for only a short period , in any event, some 
acetic acid is present in the end-solution 

With these modifications, the method of anal}ses of the feces and urine is 
subsequently given The manner m which stools are collected, weighed and mixed 
prior to the estimation is described in detail It is believed of greatest importance 
to obtain the average value for several days This is also the opinion of Adler 
and of Opitz and Choremis It is obvious that with many persons estimation of 
the fecal urobilinogen for twenty-four hours is of little value because of the con- 
siderable "variation in the amounts of stool Wilbur and Addis observed marked 
fluctuations of urobilin in the urine from day to day The following method esti- 
mates preformed urobilinogen and urobilinogen which has been changed to the 
substance ordinarily known as “urobilin ” 

Collection of Fcca — If the patient is having regular defecation of formed 
stools daily at relatively the same time, it is sufficient to save all stools for four 
da}s, counting from an hour at which one was discarded The last stool is col- 
lected at relatively the same hour four days later Specimens for the first and 
second forty-eight hours are collected separately and analyzed separately at the 
end of two and four day intervals In this way the output of urobilinogen may be 
followed over some period by the daily average for consecutive two day periods, 
or the daily average for a single four day period may suffice Specimens are 
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most comcnicnth kept in the ordinary cylmdric waxed cardboard cartons ot liter 
capacity These will usually contain all of the torty -eight hour stool unless 
enemas h,i\c been necessary They should he kept in a cool place, with exclusion 
of light, during the period prior to analysis 

Satisfactory collection for analysis is much more difficult in persons who aic 
not haying regular defecation In spastic constipation, it is adyisable to defer the 
period of collection for a feyv day s until antispasmodics and nonirritating roughage 
hayc brought about normal bowel movements In atonic conditions, cascara m 
moderate doses is bcheyed adyisable Mmeial oil by mouth or oil enemas are 
not advisable Whenever the patient to be studied does not haye regular stools ^ 
at approximately the same time daily, it is best to begin the period of collection 
with a yvater enema (from y 2 to 1 pint) the results of which are discarded , exactly 
lour days later, another enema is given the results of which are included with 
the last forty -eight hour collection If the amount of stool during the four day 
period is very small and fecal impaction is found on rectal examination, this should 
be broken up yvith the gloyed finger and a water enema of 1 pint administered, 
the results of which are included in the collection It is often difficult to study 
the excretion of urobilin m the stool in persons who are critically ill, both because 
they do not eat a sufficient amount to create residue and because of the atonic 
condition of the hoyvels A certain amount of residue is undoubtedly necessary to 
promote excretion at a normal rate, since, as Wilbur and Addis have observed, 
the output of urobilinogen is diminished in constipation, presumably because of 
the greater time alloyved for resorption It is probable that xalues will be too 
loyv unless the total amount of stool examined for the four day period is at least 
from 250 to 300 Gm , depending on the size of the person This is, of course, 
exclusne of enema fluid The collection of stools during a period of diarrhea is 
not adyisable since the rapid passage of intestinal contents fails to permit normal 
resorption In reporting estimations of the daily output of urobilin, it is advisable 
to mention the amount of the four day stool specimen 

Mcasui ement and Mntwc of Stool Specimens — The entire forty-eight hour 
specimen must be yveighed prior to analysis An empty container of the same 
size as that containing the specimen is placed on the balance pan opposite the 
specimen In this yyav the stool may be yveighed directly The forty-eight hour 
stool specimen must be mixed so that all parts are relatively equal In the case 
of stools having at least a moderate degree of consistency, mixture may be made 
in the collection container directly The iron rod of a ring stand is useful for 
this purpose, as it is easily cleaned Stools that are liquid or partly so must be 
thoroughly homogeneized in a large mortar If the specimen is partly solid and 
partly liquid, mixture is best accomplished by r first pouring the liquid portion into 
a beaker, transferring the solid portion to the mortar yyhere it is ground up yvith 
the pestle, and then adding the liquid from time to time until all is thoroughly 
mixed 

Method of Quantitation — The folloyvmg materials are required 1 liter mortar 
and pestle , one small mortar and pestle , one 250 cc evaporating dish , one suction 
flask of 250 cc capacity equipped yyith a 12 inch length of heaxy walled rubber 
tubing fitted on the suction arm, a feyv plain stiff clamps or hemostatic forceps 
(strong pinchcocks may be used) , several 5 cc pipets graduated m 1 cc , and 1 cc 
pipets graduated in 0 1 cc a spectroscope (small hand size is sufficient) , a Van 
Slyke type of separatory funnel capable of holding 250 cc , a feyv ordinary 15 
to 20 cc test tubes and a few 50 or 100 cc graduated test tubes or cylinders, and 
a colorimeter, preferably of the DuBoscq type although any reasonably accurate 
colorimeter may be used In the present series of estimations, a Klett biocolori- 
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meter was employed If more than one determination is to be made, it will be 
necessary to have two or three of the suction flasks 

The following reagents are required Ehrlich’s reagent, composed of 10 Gm 
of paradimethylaminobenzaldehy de, 75 cc of concentrated hydrochloric acid and 
75 cc of distilled water, crystalline ferrous sulphate (FeSoi 12 H2O) , 10 per 
cent sodium hydroxide, 5 per cent sodium amalgam, 20 per cent acetic acid, pure 
ether (diethyl) , saturated ethereal solution of para dimethylaminobenzaldehyde 
(should be light yellow, as definite redness or darkness indicates impurity) , con- 
centrated hydrochloric acid in a dropping bottle, a saturated solution of sodium 
acetate (aqueous) , a saturated solution of sodium carbonate (aqueous) , 005 per 
cent alcoholic solution of phenolphthalem (50 mg of pure phenolphthalein in 100 
cc of 95 per cent alcohol kept in a glass stoppered bottle will suffice for a large 
number of determinations) 

P> occdui e foi Analysis — Weigh out 5 Gm of the mixed stool on filter paper, 
or if not sufficiently dr\, in an evaporating dish Transfer to a small mortar 
The ordinary cheap wooden tongue depressor is rery useful in weighing and 
transferring Add a small amount of water from a measured portion of 95 cc 
Grind thoroughly with a nestle , it is important that the particles of feces be finely- 
ground Adler has obsened that small fecal particles adsorb urobilin and hinder 
extraction Add the remaindei of the watei and again mix completeh Let this 
mixture stand a moment or two while measuring out 50 cc of 10 per cent sodium 
hydroxide Decant the supernatant portion from the mortar into a small flask 
(Florence, preferabh ) -\gain grind up the remaining precipitate and fluid, then 
add the 50 cc of sodium hydroxide and add all of this to the first portion in the 
flask Shake vigorously for a few' moments Puherize 10 Gm of ferrous 
sulphate on the filter paper on wduch it w'as weighed and place 111 the 250 cc 
suction flask, the side arm of which is fitted with heavy -walled rubber tubing 
Add 46 cc of distilled w'ater and shake until the majority' has gone into solution 
Now' add to this in small portions and with vigorous shaking all of the fecal 
emulsion from the other flask Cork tightlv and evacuate w'lth suction When 
vacuum is considerable, damp the rubber tube with forcep or stiff clamp Set 
aside in the dark for one hour At the end of this period, filter from 0 to 4 cc 
into an ordinary test tube Examine this with a hand spectroscope for the presence 
of a definite absorption band of alkaline urobilin (495-515) Rarely' more than a 
faint urobilin band is seen, and in this event further reduction is necessary To 
approximately 15 cc of the filtrate in a 50 cc graduated centrifuge tube, add 
from 1 to 2 Gm of 5 per cent sodium amalgam Cork lightly and set aside in 
the dark for ten minutes A second period of ten minutes mav be necqssary for 
disappearance of the urobilin band If sodium amalgam is not at hand, the 
following method mav be substituted weigh out another 5 Gm of the mixed 
stool specimen and proceed exactly' as before, except use double the amount of 
both the 20 per cent ferrous sulphate and the 10 per cent sodium hydroxide (100 
cc ) , this makes the value of the primary' dilution 60, while it is ordinarily 40 
1° a few cubic centimeters of the urobilm-free filtrate (as examined spec- 
troscopically) in a test tube, add Ehrlich’s reagent from a dropping bottle, drop 
by drop, until cloudiness has disappeared The amount of red which develops 
immediately determines roughly how much filtrate is to be used in the quantitatne 
determination The following is a useful, but not necessarily' absolute, list of the 
degrees of color and corresponding amounts of filtrate to be used (1) deep red 
w'lth a slight bluish tinge, 1 cc , (2) light red, 2 cc , (3) pink, 5 cc , (4) barely 
discernible pink, 10 cc , (5) no color and absent urobilinogen — aldehyde absorption 
band (550-570), from 25 to 50 cc (If a new specimen, 50 cc should be 
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employed, but if color has recently been present m previous specimens, 25 cc is 
probnbh enough ) 

In a series of determinations made cverv other day on specimens from the 
same patient, after the first day it is usuallv sufficient to use the same amount 
of filtrate each time 

Place the amount 01 filtrate chosen m a separator! funnel and acidify with 
an excess of 20 per cent acetic acid (0 4 cc per cubic centimeter of filtrate con- 
stitutes a definite excess) At once add approximately 40 cc of pure ether 
(diethyl) The amount need not be exactly measured Shake vigorously for 
trom two to three minutes (When larger amounts of filtrates are used, the 
shaking must he relatively more gentle, from 75 to 100 inversions will suffice) 
\llou the aqueous fraction to separate, then dram it off and discard Wash the 
ether once with a small portion of distilled water, and discard the latter From a 
5 cc pipet add 3 cc of a saturated ethereal solution of paradimethylaminobenzalde- 
hyde Add 10 drops of concentrated hydrochloric acid from a dropping bottle 
Shake vigorously for from one to two minutes Add a few cubic centimeters 
of distilled w r ater and shake briefly Add 3 cc of a saturated aqueous solution 
of sodium acetate and again shake Separate off the colored solution into a 50 
cc graduated centrifuge tube or cylinder Place this in a glass or rack and 
co\cr temporarily with a cloth or towel Repeat the following extraction, using 
only 5 drops of hydrochloric acid, a smaller amount of "water and 2 cc of the 
sodium acetate solution More of the aldehyule need not be added If not too 
much filtrate is chosen in the first instance, three such extractions will suffice 
Sometimes, when the amount of urobilinogen is large, four or five extractions will 
be necessary The last extraction should yield only a faint color When all of 
the colored aqueous portions have been collected m the same graduated tube, this 
collection is made up to a volume which is a multiple of the original amount of 
filtrate taken If the color is pale, dilution should be onty to the next cubic centi- 
meter This solution is thoroughly mixed, and a portion of it is placed in one 
colorimeter cup Some of the standard phenolphthalein solution is placed in the 
other cup This is composed as follows (according to Terwen) 1 cc of 
0 05 per cent alcoholic solution of phenolphthalein, and 5 cc of saturated aqueous 
solution of sodium carbonate Make up to volume with distilled water in 100 cc 
\olumetric flask Prepare fresh the same day 

As subsequently show’ll in detail, this standard solution has a color equivalent 
so that of 0 4 mg of urobilinogen condensed with paradimethylammobenzaldehvde 
and hydrochloric acid in 100 cc Calculations are then as follows Da (usually 

40 > X D-=- ^ ^ t Sr 1 :rx|x04^mg of urobilinogen in 100 Gm 
of stool Multiply this by the weight of the entire stool specimen and divide 
by 100 to obtain the total amount of urobilinogen At the end of the period of 
collection (usually four days), the amounts obtained are added together and the 
sum divided bv the number of days This final result is the average daily output 
in milligrams 

The foregoing extraction procedure should be carried out m subdued light, 
preferably artificial 

It is essential that no alkali should come m contact with the final colored 
solution as the dyestuff is decomposed by alkali, with complete loss of the red 
color (Fischer) 

Collection of Ui me — Urine is collected for two forty-eight hour periods m 
gallon bottles m which have been placed from 20 to 30 cc 'of a saturated alcoholic 
solution of salicylic acid, for preservation (The salicylic acid has been shown 
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by Terwen not to have am effect on the subsequent estimation ) During collec- 
tion, these bottles should be kept m a cool, dark place 

The forty-eight hour urine should be mixed and measured If deeply colored, 
or if bilirubinuria is suspected, bilirubin should be tested for, the Gmehn, Huppert- 
Cole or van den Bergh *est being used If bilirubin is found to be present m 
more than traces, preliminary treatment is necessary to eliminate it, as with the 
foregoing method a certain amount of color may be produced by the reduction of 
bilirubin alone, m the absence of urobilinogen (Pure bilirubin was dis- 
solved m 10 per cent sodium hydroxide, this was added to 20 per cent ferrous 
sulphate as m the foregoing procedure, and after standing in the dark one hour 
the filtrate was found to give a definite aldehyde reaction with the same extraction 
technic used for the stool filtrate Terwen apparenth did not consider that the 
bilirubin was reduced in am degree, as he advises the use of petroleum ether in 
place of ether which, he states, does not extract bilirubin from the acidified 
filtrate ) 

To free the urme of bilirubin, add to 200 cc of urine 100 cc of a saturated 
aqueous solution of calcium lndroxide with slight excess not in solution, and to 
which has been added a relatively small amount of 10 per cent sodium hjdroxide 
Shake these solutions together in a beaker and let stand for a short time The 
bilirubin is precipitated as insoluble calcium bilirubinate Then filter The filtrate 
is used in place of bilirubin-free urme in other determinations and the added dilu- 
tion of 1 5 is taken into account in the final calculation 

To 5 Gm of ferrous sulphate in the suction flask with rubber tubing on the 
suction arm, add 23 cc of distilled water To this add 100 cc of the mixed 
bilirubin-free urme, or filtrate to be tested Then add in small portions at a time 
and with constant shaking 25 cc 10 per cent sodium hvdroxide Evacuate, clamp 
and set aside in dark for cne hour The procedure from now on is the same as 
in the case of the deteimination on the stool, except that it is necessary to use 
larger amounts of filtrate, especialh with normal urines and bilirubin filtrates of 
urines containing small amounts of urobilin Fifty cubic centimeters of filtrate 
should be employed in such instances 

Normally, there is rarely more than a trace of urobilin present in the urine, 
and the amount of color obtained from 50 cc of filtrate is often so small that 
accurate comparison of the color is impossible It is better m such an instance 
to report simply a trace, rather than a figure which is not liable to be accurate 
In the present series more than 50 cc of filtrate have not been used 
When urme alone is used, the method of calculation is as follows 

D ‘ x 04 

This multiplied bv the number of cubic centimeteis of urine in the entire 
specimen and divided by 100 gives the total number of milligrams present 

When calcium hvdroxide has been used to precipitate bilirubin, the calculation 
is done as follows 


Di (15) X D (15) X D„ ( — T lnal illume \ S Q4 

X Amount of filtiate J R 


STANDARDIZATION Or METHOD AND DATA RELATIVE TO THE 
OTHER MODIFICATIONS 

1 Strength of the standard phenolplithalein solution in terms of milligrams 
urobilinogen per hundred cubic centimeters Since no figure was found in the 
literature representing the equivalent of a definite amount of crystalline urobilin- 
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ogcn condensed with Ehrlichs reagent, with a standard color solution, the fol- 
lowing experiments were undertaken 

(a) Hemihihrubm or mesobilirubmogcn was prepared in small quantity accord- 
ing to the procedure described by Fischer, with decrease in all amounts correspond- 
ing to decrease in bilirubin (The latter is very expensive whether purchased 
pure or obtained from gallstones of cattle) Bilirubin (Eastman), 200 mg was 
dissolved m 3 cc of tenth-normal sodium hydroxide, to which was added 1 5 cc 
of water This was reduced over night m a 10 cc Erlenmeycr flask with approxi- 
mately 5 Gm of 46 per cent sodium amalgam The light brown solution was 
acidified with 50 per cent sulphuric acid and shaken out four times with 4 cc 





Mesobihrubinogen crystals 


amounts of chloroform The latter was dried superficially over anhydrous sodium 
sulphate, after being filtered It was then concentrated m partial vacuum in an 
atmosphere of carbon dioxide and protected from the light The remaining syrup 
was taken up m about 4 cc of ethyl acetate, 3 cc of petroleum ether added, 
filtered and again concentrated in the same way, then again taken up in hot 
acetic ester (from 4 to 5 cc ), to which a little petroleum ether was added, filtered 
and cooled A small separation of apparently colorless, very small crystals took 
place These were filtered oft and the mother liquor concentrated to a small 
volume, so that the yield was increased to approximately 20 mg It was placed 
at once in a vacuum desiccator over P-0 \ few ot the crvstals were examined 
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and found to be apparently identical with those of hemibihrubm described by 
Fischer No measurements were made The hemibihrubm crystals as observed 
are shown in the sketch While the substance was apparently colorless on first 
crjstalhzation, it quickly assumed a light reddish jellow or orange tint 

With this pure substance, the following determinations were made (all weigh- 
ings were made with a microbalance sensitive to 0 000001 Gm ) 

(1) The substance, 0 0009625 Gm was mixed with approximately 20 cc of ether, 
3 cc of saturated ethereal solution of paradimethylaminobenzaldehyde was added, 
then 10 drops of concentrated hydrochloric acid This was shaken two minutes 
A little water was added, shaken briefly, then 4 cc of saturated aqueous solution 
of sodium acetate w as added, and the substance again shaken The colored aqueous 
solution was drawn off Shake-outs were repeated in the same way, from 5 to 8 
drops of hydrochloric acid and 3 cc of sodium acetate solution being used until 
no more color could be extracted The final volume was 102 cc This was 
compared in the colorimeter (Ixlett) with the standard phenolphthalein solution 
previously described Standard 20, R = 8, 8 5, 7 9, 8 2, average, 815 Since 0 943 

mg was present in 100 cc (yjps X 0 962^, X 0 943 0 384 = mg per hun- 

dred cubic centimeters equivalent to the standard phenolphthalein solution 

On three more occasions, shortly after this, with the same procedure and 
varying amounts of mesobihrubmogen, the following figures were obtained 
00006497 Gm to 100 cc S20 R 11 5, 10 3, 12 4, 11 5 av 11 4, 0370 mg per 100 cc 

0 001980 Gm to 250 cc S20 R 9 5, 8 9, 100, 9 4 av 9 4 0 371 mg per 100 cc 

0 001935 Gm to 250 cc S20 R 9 6, 10 2, 10 4, 10 5 av 10 2 0 394 mg per 100 cc 

The average of these four determinations was 0 379 mg per hundred cubic centi- 

meters to the phenolphthalein standard (S indicates standard, R, urobilinogen 
solution ) 

(2) Three more determinations were obtained in the same waj, except that 
the crystalline substance was dissolved in 20 cc of 10 per cent sodium hydroxide, 
which, with 20 cc of water was added, with shaking, to 20 cc of 20 per cent 
ferrous sulphate m a small Erlenmeyer flask This w'as evacuated and left in 
the dark for one hour 'kt the end of this period, 5 or 6 cc of the filtrate, var}ing 
in different instances, was acidified with 20 per cent acetic acid and shaken out 
with a large volume of ether (from 20 to 30 cc ) The procedure, thenceforth, 
was the same as that already described The values obtained w^ere 0 429, 0 430, 
0 429 mg per hundred cubic centimeters Xh to phenolphthalein standard It 
seemed evident that a moderate, though constant, loss occurred m these instances 
Deterioration of the substance was not believed to be responsible since the first 
determination was carried out within an hour of the last of those already men- 
tioned The primary extraction with ether w»as complete, and all of the color was 
extracted from the ether so that only the ferrous hydroxide precipitate w’as left 
in question According to Tenven, the ferrous tndroxide does not adsorb any 
urobilinogen and it is true that extraction of alcohol of this precipitate has failed 
to show color with Ehrlich’s reagent Adler stated that the intensity of red in 
alcoholic solution increases to a maximum only after from tw r enty to twenty-five 
minutes, and that m alcoholic solution certain proportions of alcohol and water are 
optimal Since the color is entirely removed m the present method by repeated 
condensations into a final aqueous solution, these conditions are not parallel, so 
that no interference is believed to haie arisen in this way A fourth determina- 
tion was made in which 20 cc of urobilin-free urine w'as substituted for the 
water as in the foregoing instance Here 0 004264 Gm of mesobihrubmogen w'ere 
dissolved in 60 cc , reduced one hour, then 5 cc of filtrate acidified, extracted and 
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final!} diluted to 250 cc S = 10, R = 28 7, 284, 286, 28 5, average 28 5 1'ne 
cubic centimeters of filtrate contained 0 3553 mg diluted to 250 cc 

=C= 0142 mg in 100 cc X ff-jj = 404 mg /100 cc O phcnolphthalcm 
standard 

(b) Since Fischer considered the molecular weights of bilirubin and hemibih- 
rubm to be relative!} the same, it was believed that a constant eqimalcnt color \alue 
from var.ving amounts of pure bilirubin reduced in different experiments, would 
be of considerable assistance in standardizing the phcnolphthalcm solution With 
this in mind, the following determinations were carried out (this unestigation was 
made prior to that previously described) 0 0598 Gm of pure bilirubin (Eastman) 
dissolved m 50 cc of tenth-normal sodium h>droxide and 10 Gm of 5 per cent 
sodium amalgam were added (The balance used for this weighing was sensitne 
onh to 0 1 mg ) One hour later, 10 Gm more of sodium amalgam was added 
Then at the intervals subsequently given small measured portions (from 0 2 to 
0 5 cc) of the filtrate weie removed, acidified with 20 per cent acetic and all of 
the aldehyde reacting substance shaken out as m the routine procedure and com- 
pared with the phenolphthalem standard The equivalent \ allies in milligrams per 
hundred cubic centimeters at the different periods are gnen under (a) Under 
(b) and (c) are gnen the results of two similar sets of determinations, with the 
primary amount of bilirubin used in each instance 



(«) 



(b) 



(c 

) 

0 0598 Gm 

bilirubin reduced 

00302 Gm 

0 04265 

Gm 

2 

hrs 

0 797 

1 

hr 

12 

1 

hr 

0 742 

3 

hrs 

0 542 

2 

hrs 

0 906 

2)4 

hrs 

0 75 

4 

hrs 

0 422 

3 

hrs 

0 906 

3J4 

hrs 

0 68 

6)4 hrs 

0 478 

4 

hrs 

0 98 

4 y 2 

hrs 

0 88 

S 

hrs 

0 458 

6/ 2 

hrs 

12 




21 

hrs 

0 717 







24 

hrs 

0917 







72 

hrs 

1315 








From this it was evident that no constant value might be obtained, although it 
was considered significant that the low r est \alue obtained, 0 422, was obtained with 
the largest sample of bilirubin, and hence was liable to the smallest error, 
particularly as regards the influence of oxidation, this value was of the same 
magnitude as those obtained m the determinations with mesobilirubmogen 

( c ) “Urobilin” w'as isolated from feces according to the procedure described by 
Ttrwen This was reduced in varying small amounts on three occasions w-ith 
ferrous h>droxide The values in milligrams per hundred cubic centimeters =0= to 
the standard were 044, 040 and 0 39 In these determinations the filtrate was 
anah zed at one-half hour intervals for several hours and the maximum amount 
of color found used m calculation The optimum period "varied from fort} -five to 
nmet} minutes 

After consideration of all of the foregoing observations it is believed that the 
value 0 4 first gnen b\ Tcrwen, is satisfactorv for clinical usage On the basis 
of theorv it was first believed that 0 3 should be the correct figure since the ratio 
of the molecular weights of hemibihrubm and of Terwen’s urobilin are 3 4 That 
tiie values are however practical^ the same may be explained either on the basis 



712 


ARCH II ES OF INTERNAL MEDICINE 

of a dipjrrol unpunt} in Tenven’s material or an error in the molecular weight 
determination of 758 (micromethod, boiling point of camphor) 

2 Determinations with the clinical quantitatne method preuousl} described 
under varying conditions 

(a) Urine 

Primar\ dilution 1 5 second dilution 5 S = 10, R— 10 

1 5 X 5 X \l X 04 = 3 mg per 100 cc 
Same, except with primary dilution with calcium hjdroxidc solution, 
as for precipitation of bilirubin 

1 5 X 1 5 X 4 X jx X 0 4 = 3 mg per 100 cc 

( b ) With different amounts of filtrate 
5 cc 

1 5 X 3 X X 0 4= 1 8 mg per 100 cc 
50 cc 

15X1X ^ X 0 3 = 1 76 mg per 100 cc 

(c) After standing with salicilic acid presenatne (Tcrwcn was able to 
show that salic} lie acid alone did not ha\e an} influence on the \alues 
obtained ) 

The urine contained 1 76 mg in 100 cc 
Five da}s later, it contained 145 mg m 100 cc 

(d) Duplicate determinations on the same stool specimens with different 
weighings and extractions 

(1) 53 3 mg per 100 Gm 
60 mg per 100 Gm 

(2) 195 5 mg per 100 Gm 
209 mg per 100 Gm 

(3) 269 5 mg per 100 Gm No urobilin band in filtrate 

221 5 mg per 100 Gm Definite medium faint alkaline urobilin 
band in filtrate (500-510) 

(c) Supplementary reduction with sodium amalgam 

Sample of feces Priman dilution 60 final dilution 16, S = 10, R = 1S 
60 X 16 X jg X04 = 213 2 mg per 100 Gm 
Same filtrate allowed to stand m sunlight until a definite urobilin band 
appeared, then 10 cc reduced wntli 1 Gm of 5 per cent sodium amalgam, 
five minutes (at the end ot this period, colorless and without urobilin 
band) 

60 X 13 X jaj X 04 = 208 mg per 100 Gm 
\ second stool filtrate with a medium heaw urobilin band 

40 x 13 X ^ X 04 = 173 3 mg per 100 Gm 
One gram of 5 per cent sodium amalgam added to about 10 cc of the 
same filtrate After tw'entv minutes urobilin band is hardly dis- 
cernible 

40 X 14 X n X 04 = 201 S mg per 100 Gm 
0 Efficienc} of ether extraction for large amounts of filtrate (Terwen was 
able to show that with small amounts of filtrate one ether extraction sufficed to 
remo\ e 96 per cent of the urobilinogen ) 
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Oil tv o occasion- 50 cc oi filtrate from urine* rich in urobilin were acidified 
and e' traded, once with ether m the ordinary way The aqueous fractions were 
then acidified v ith sulphuric acid and saturated with '-olid ammonium sulphate 
lhe\ were then extracted with from 10 to 15 cc of amyl alcohol Only a very 
jamt urobilin band v as demonstrable m either of these extracts, v Inch, consider- 
ing their concentration indicates satisfactory extraction with one shake-out 

4 Quantitatne range of method By concentration of large amounts of filtrate, 
the method becomes very sensitne Thus, 1,970 cc of urine v as lound to contain 
1044 mg, when 50 cc of filtrate was concentrated to 6 cc , or 0 053 mg per 
hundred cubic centimeters On another occasion 1,760 cc of urine contained 
1 026 mg or 0 05 mg per hundred cubic centimeters, after 50 cc of filtrate was 
diluted to 10 The color m this instance was slightly too yellowish for accurate 
comparison In general, the method is believed to be sensitne to between 0 05 
and 01 mg per hundred cubic centimeters, the \ariation depending on the concen- 
tration employed 

CLINIC VL OBSERVATIONS 

In the following pages are summarized the observations m a series 
of normal and abnormal persons on whom the foregoing method was 
employed Stools were collected as a routine measure for four days 
Single investigations of urine were usually made for the same period, 
if consecutive forty -eight hour specimens yyere utilized In an) case, 
the reported value is an ay r erage twenty -four hour amount Hemoglobin 
estimations y\ere made yvith a Klett colorimeter and Newcomer disk 
which yvas checked gasometricall) Reticulocyte counts yvere done b) 
the smear method Van den Bergh’s original qualitative technic yvas 
used The quantitative procedure was not employed BernheinTs 
icterus index method was used with a standard disk for a Klett 
colorimeter ( supplied by Klett and Company ) The range of normal 
with this apparatus was from 5 to 8 Even when serum is obtained 
v\ith the greatest care small amounts of hemoglobin are usuall) dis- 
cernible with the spectroscope and this is undoubtedly responsible for 
a small undetermined error Bilirubin in urine was recognized by the 
Gmelm reaction carried out on -filter paper 

In employing the foregoing values, 175 mg per day for feces was 
considered the upper limit of normal for females and 250 mg per day 
for males It is probable that greater uniformity would be attained 
w ith a larger and more representative normal series The females were 
nurses on hospital duty several of whom had slightly subnormal hemo- 
globin percentages and erythrocyte counts The males wore ambulatory 
patients in the hospital for relatively minor conditions, behevod irrele- 
vant although it is not impossible that previous tonsillectomy in one 
instance may have increased the value No definite relationship was 
noted between body weight and elimination of urobilinogen 

The results in the cases of pernicious anemia will be discussed col- 
lectively later In the following paragraphs clinical results are corre- 
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Urine, 

Stool, 







Red 

cj tes, 

Van 

Urine, 

Uro 

Uro 






Hemo 

Blood 

per 

den Icterus Bill 

bib 

bib 

Diagnosis 

Sex 

Age Height Date 

globin 

Cells 

Cent Bergh Index rubin nogen nogen 

Normal (1) 


25 

1G5 

5/ 4 

14 2 

4 44 



0 

07 

192 3 

Normal (2) 

M 

23 

163 

2/ 4 

15 S 

4 78 

(1 week postton 
silleetorm ) 

0 

09 

245 7 

Normal (3) 

M 

G1 

150 

2/25 

13 5 

4 22 



0 

Trace 

217 4 

Normal (4) 

M 

27 

192 

1/ 6 

16 8 

4 77 









2/ 4 

(10 dajs posttonsillectomj ) 

0 

Trace 

174 9 

Normal (5) 

JI 

2S 

ro 

5/14 





0 

0 5 

117 4 

Average daily elimination for males 







189 5 

Normal (6) 

r 

20 

113 

5/ 4 

13 9 

4 9 



0 

Trace 

54 4 

Normal (7) 

p 

20 

155 

4/2S 

12 9 

4 14 



0 

Trace 

162 4 

Normal (8) 

r 

20 

107 

3/30 

14 6 

4 38 



0 

0 25 

134 0 

Normal (9) 

p 

19 

174 

4/ 1 

14 S 

4 40 



0 

Trace 

149 6 

Normal (10) 

r 

22 

134 

4/ 7 

15 0 

4 61 



0 

Trace 

107 7 

Normal (11) 

p 

20 

123 

4/15 

131 

3 96 



0 

04 

S9 6 

Normal (12) 

r 

21 

1G4 

4/19 

13 9 

4 10 



0 

Trace 

122 3 

Normal (13) 

r 

20 

127 

4/24 

13 5 

4 09 



0 

Trace 

S3 4 

Average dailj elimination for females 







112 9 

Average daily elimination for both sexes 







151 2 

Secondary 

r 

17 

102 

12/13 

11 S 

3 5S 






anemia (1) 




12/29 




7 5 

0 

Trace 

66 2 

Secondary 

p 

53 

117 

12/ 3 

70 

20 

0 4 

50 

0 

09 

18 3 

anemia (2) 
Secondary 

F 

29 

112 

12/30 

95 

2 73 

0 2 

SO 

0 

OS 

35 5 

anemia (3) 
Secondary 

F 

19 

100 

5/ S 

12 3 

3 72 




00 

51 7 

anemia (4) 




1929 








Pernicious 

31 

G3 

144 

4/30 

1 9 9 

3 71 






anemia (1) 




11/27 

11 s 

2 49 

04 









11/30 



04 









12/ 2 





0 

6 87 

127 0 





12/ 4 



3 2 



(Six day col 





12/ 7 



Delayed 9 5 


lection) 

Pernicious 

F 

59 

150 

3/ 3 

44 

0 87 

08 

27 0 

0 

34 

1179 5 

anemia (2) 










(4S hour col 

Pernicious 

M 

54 

1j0 

1/22 

58 

1 12 

02 



lection) 

anemia (3) 




1/24 



0 S 

10 7 








1/27 



1 6 


0 







1/29 

GO 

1 33 

1 6 



1 2 

902 8 





2/ 1 

GO 

1 7S 

IS 6 









2/ 4 

79 


90 









2/ 7 

8 5 

,2 50 

50 









2/13 

11 G 











2/14 

12 5 

3 SI 

0 1 



Trace 

299 0 





3/10 

16 I 

4 S4 

00 









3/12 






Trace 

172 9 

Pernicious 

F 

63 

141 

3/11 

10 9 

1 92 

0 36 





anemia (4) 




3/15 

10 4 

1 93 

5 4 

0 

O 9 

260 9 





3/17 



52 


1 5 





3/21 

11 2 

24 

4 1 









3/27 

11 2 

2 66 

3 4 



Trace 






4/ 3 

12 3 

2 SS 

1 3 




70 4 





4/ 9 

12 2 

3 07 






Pernicious 
anemia (5) 

r 

56 

93 

3/ G 
3/11 

39 

1 03 

26 

4 4 

15 0 

0 

1 S 

279 0 





3/13 

4 1 

1 49 










"/ 15 



19 0 









3/20 






27 2 






3/22 

80 

24 

63 



SI 

357 7 





3/2G 






1 5 





4/ 2 






Trace 






4/ 4 

S 5 

3 16 

1 9 



00 






4/ S 



0 95 



00 






4/10 

90 

3 65 

1 0 



0S5 

177 4 



Ut obihnoqcn Elimination and Othci Laboialoiy Obin-oattons — Continued 


Reticulo 

Red cites, Van Urine, Urine, &tool, 
Homo Blood per den Icterus Bill Uro Uro 
Diagnosis Vx Age Weight Date giobm Cells Cent Btrgli Index rubin bilin bilin 


Pernicious M 74 170 1/11 

anemia (0) 1/13 

1/14 
1/1G 
1/17 
1/18 
1/21 
1/23 
1/24 
1/29 
1/31 
2/ 4 
2 / 6 
2/14 
2/20 
2/27 

V 0 

3/13 

3/13 


G 2 

1 32 

0 4 Del'll cd 12 3 
00 

0 IS 5 



0 3 

249 1 



0 2 


7 0 

1 41 



7 2 

1 CG 

10 G 

27 

0 G 4S4 7 

7 7 

1 89 

9S 


8 0 

2 14 

90 


SO 

2 57 

1 0 


S3 

2 29 



11 S 

2 9 

0 5 



12 7 3 07 

13 3 3 15 

14 0 3 53 

14 4 4 07 

0 G8 21G 3 


Pernicious 

F 

G2 

15S 

1/ G 

4 0 

0 S3 

1 0 Delaxed 13 0 



anemia (7) 




1/ 8 



1 2 


0 81 5 





1/ 9 



07 








1/10 

4 2 

0 9G 

1 8 


27 9 

1S5 2* 





1/13 

42 

0 89 

8 1 








1/1G 



S 0 








1/21 

G 7 

1 32 

7 4 








1/24 

7 G 

2 0 

3 4 








1/2S 

7 7 

1 92 

1 S 


4 9 






1/31 

7 7 

2 0G 


5 0 

4 3 

1143 0 





2/ 4 

80 

2 12 









2/ S 



0G3 








2/11 





04 






2/12 

9 4 

3 01 

0 5 



92 7 





2/19 

S 9 

293 



Trace 






2/2G 

97 

3 2S 









4/ 5 

12 1 

3C4 



Trace (Single 
specimen only) 

Pernicious 

M 

75 

130 

.'>/ 1 

4 4 

0 9S 

0 27 




anemia (8) 




5/ 3 





10 9 






5/ 4 

3 S 

0 89 

0 83 

11 7 

0 11 7 






5/ G 






335 2 





5/ 9 

39 

0 94 

2 G 


4 23 






5/10 





G 9 






5/12 



101 


18 2 






5/15 

49 

137 

13 8 


7 45 

325 6 





5/IG 





13 2 






3/18 





28 1 






5/19 

5 4 

1 3 

9 S 


32 4 






3/20 

GO 

1 9 

94 








5/24 





21 0 






5/2G 

GG 

213 

1 7 


5 G 






5/2S 





1 5 






3/29 

77 

2 33 

09 


04 






5/30 





09 






0/ 3 

10 7 

32 

1 1 


Trace 






G/ 5 





Trace 






0/ 9 

10 9 

3 39 

03 





Probable mild con r 
genital hemolytic 
jaundice 

Mild encephalitis P 
lethargica 

Hypertension and F 
polj cj themia 
(Gaisboch ?) 
after treatment 
with phenvl 
hydrazine 


36 

120 

12/ 5 

T4G 

4 GS 

Faint S3 

0 

09 



12/ 8 



Delnxcd 


2 7 234 1 

21 

157 

12/22 

14 3 

4 3S 


0 

2 05 142 4 



192S 






53 

120 

10/15 

1G 2 

3 40 






1929 








8/14 

IS 5 

CSS 






8/23 

20 3 

G4S 

0G 





S/2G 

18 5 

G2G 






8/31 

1G 1 

3 IS 






12/10 

12/19 

17 2 
19 0 

5 2S 
5 34 

Phenxllndrazme intermittently 



12/27 

10 0 

3 4S 






1930 








1/20 

13 0 

3 71 






3/ 7 

18 4 

COG 






4/ IS 
4/24 

4/23 

13 5 

4 85 

Weak 9 9 
and indirect 

0 

0 93 343 8 



15 8 

4 92 





Relatively xery small amount of stool in four day collection 
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Rctieulo 







Red cjtes, tin 

Urme, Urine, 

Stool, 






Homo Blood per den Icterus Bill 

Uro 

Uro 

Diagnosis 

Se\ 

Ago 

\\ eight 

Date 

globin Cells Cent Btrgh Index rubm 

bilin 

bilin 

Chronic cliole 

31 

27 

1G0 

2/ 0 

1G S 5 02 0 25 9 3 

0 

09 

301 5 

CJStitlS (1) 




2/17 


Chronic chole 

31 

47 

155 

0/ G 

14 2 4 07 

0 

1 0 


cjstitis (2) 




3/ 9 


190 2 

Chronic chole 

r 

00 

140 

3/13 

Dclajed °3 0 




cjstitis (3) 




3/ IS 

13 9 3 99 

+ 

0G1 

633 G 






(4S hour col 
lection onh) 



Chrouic cliole 

r 

43 

l r 0 

3/ 4 

13 6 3 GO SO 

0 

7 23 

GOG 

cjstitis (41 






(48 hour col 
lection onlj ) 


Chronic chole 

r 

5G 

210 

3/19 

1G 0 4 S9 0 1 

0 

1 07 

220 2 

cjstitis (5) 

Chronic cholc 

r 

5S 

130 

1/17 

Acute exacerbation tilth fet er 

0 

23 G 

194 3 

CVStltlS (G) 




1/24 

14 1 3 74 OS Afebrile 7 5 


2 S 

82 2 

Chronic cholc 

31 

30 

1G3 

2/ 3 

1G G 4 70 




ostitis (7) 




3/ 3 


0 

Trace 

20S 1 

Catarrhal jaun 

r 

1G 

110 

4/ 3 

14 1 4 29 OSGBipha 52 0 




dice (1) 





sic dclajed 








4/ G 


Trace G9 0 






4/ 7 

Stmptoms md jaundice subsiding 0 

1GS 

221 3 





4/12 

1 eels ttell no j uindice 

0 

2 61 







(4S hour col 
lection onlj ) 







5/2S 

Recurrent deep jaundice 


4 3 

4 0 








(48 hour col 
lection onljf) 





5/30 



70 


Catarrhal j auri 

i 

12 

70 

/ 3 

11 S 4 99 2 1 l'O 




dice (2) 




,/19 

Sj'mptoms and j uindice subsiding ■+• 

2G5 






3/21 


+ 

1G7 

253 3 





o/2G 

Delajed 29 








3/30 

Jaundice has disappeared 

0 

1 2 






7/ 1 

Feels ttell, no jaundice 

0 

00 


Catarrhal jaun 

31 

47 

130 

11/ 1 

1G1 4 3 Biphase 




diet („) 




11/ S 

prompt 

+ + + 

4 ,* 






11/ 9 


+ 4" 

2 0 

G 9* 





11/10 


+++ 

21 4 

12 7 





11/11 



1 9 

10 4 





11/12 


-++ 

29 

7 2 





11/13 


j — j — p 

4 0 

90 





11/15 

Cholccjstotomt 


— 







At erage 

S 4G 

9 24 





12/ 1 


+ 

G1 2* 






12/ 2 


j- 

4G 0 






12/ 3 



39 0 






12/ 4 
12/ 7 

5j 

+ 

2S 4 







At erage 

43 G 

3S 5 





1/ 4 

21 

0 

2 09 

174 5 





7/15 

Condition good 




Pregnancj' (1) 

F 

34 

1j0 

2,1b 

10 9 3 1G 2 8 








2/24 

Mild vomiting of pregnancj 
«i mptoms have subsided ifter 

0 

1 2 

112 0 






2 necks m hospital 




Pregnancj (2) 

F 

0G 

220 

1/ 9 

11 S 3 40 Biplia 90 0 








112 

2 9 sic 








1/11 

2 2 

109 S 

555 1 





1,20 

11 o s so 








1/2j 

One ueek after delitert 11 0 


G 9 

2SG 2 





4/14 

12 7 3 9G 0 G7 GO 








4/ IS 



1 4 

110 5 

Probable cirrhosis 
of the liter 

31 

57 

lbs 

1,10 

3/23 

101 2 SG Indirect 12 2 

tteuklt 


10 1* 






5/25 

positit L 

0 

1 87 

633 7 





3/20 



2 7* 






5/31 



4 32 

170 7 


Fortt eight hour collection 
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latecl to some extent with the figures foi the cases icpiesentcd m the 
table 

Piobablc Mild Congenital Hemolytic Ida us — The patient had al\\a\s had a 
dark, sallow skin Anemia was noted by a physician fifteen years betore None 
ot the patient’s relatives had eyer had jaundice or a large spleen, so far as was 
knowm, There was some dull aching pam in the left upper part of the abdomen 
On inspiration, the spleen w'as felt 1 5 cm below' the margin of the rib in the 
left midclavicular line There were 10,000 leukocytes, 62 per cent neutrophils 
and 3 5 per cent eosinophils Moderate amsocytosis until definite predominance 
of smaller by perchromatic erythrocytes was noted In the fragility tests, hemol- 
ysis began at 0 46 per cent and u-as complete at 0 34 per cent, in a control experi- 
ment it began at 0 44 pei cent and w'as complete at 0 34 per cent (Hemolysis ot 
the patient’s cells was much more complete between 0 44 per cent and 0 38 per 
cent than in control ) The Wassermann reaction w’as negatn e 

Chtomc Cholecystitis — Casl 1 — The patient suffered from a distress suggestive 
of a chionic disease of the gallbladder He had had typhoid fe\ei fifteen years 
before The piesent symptoms dated to vaccination for typhoid three years before, 
following which the patient was quite ill and lost considerable weight Brown pig- 
mentation of the skill, more marked on the unexposed surfaces, appeared at intei - 
vals, but it never disappeared entirely The Graham-Cole test w r as negative 

Possibly the increased uiobihnogen in the stool m this instance is to 
be explained by a peisistent typhoid infection, unfortunately, stools and 
mine were not examined foi typhoid bacilli 

Case 2 — Cholecystectomy was performed The gallbladder exhibited a mild 
chronic cholecystitis Postoperative pneumonia developed, and the patient died 
The liver exhibited no evidence of disease at necropsy other than mild cloudv 
swelling 

Case 3 — The patient suffered from a colicky pain in the right upper quadrant 
of the abdomen two y r ears before, with jaundice Severe colic of seyeral days’ 
duration with jaundice occurred in the present attack The pam had disappeared, 
and jaundice was definitely lighter at the time of the urobilin estimations The 
Graham-Cole test showed a pathologic gallbladder 

Mueller fiist obseived the definite mciease of uiobihnogen m the 
stools after release of an obstructive jaundice, whether catanhal or 
otheiwise This was quite definite m this instance and was also 
obseived in the cases of catarrhal jaundice The urobilinogen m the 
mine was not increased, this coincides well with the view of Wallace 
and Diamond, who believed that urobilinuiia occuued with jaundice 
due to disease of the liver, not with that due to simple extiahepatic 
obstiuction The foregoing case is the only instance m the present 
senes which beais on this point Expenmentally, Elman and McMastei 
found urobilmuria piomptlv after obstiuction of the common duct 
Moie clinical study is necessaiy to determine the value of mobihnuria 
m the differentiation of these two drusions of jaundice, l e , extrahepatic 
and hepatic obstiuctne jaundice Compared with catanhal jaundice, 
behe\ ed to be of the lattei type the foiegoing case points to the value 
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of ui obilinm la m cliftei entiation, since cases of catauhal jaundice, when 
clearing up present maiked uiobihnuiia 

Case 4 —The patient had had repeated gallbladder colics in the past twenty-five 
3 ears , The present attack was much more severe At first there were 39,000 
leuhocjtes The abdomen was distended, very tender, with some rigidity (lower 
part ot the abdomen as well as above) The temperature varied from 102 to 
103 F There -was impro\ ement after several days of supportive therapy The 
temperature was normal The amount of urobilin was estimated at this time 
A \ ery small amount of stool w'as obtained Extensive fat necrosis was found 
at laparotomv , a maikedly diseased gallbladder that contained stones was removed 
The convalescence was very difficult and prolonged 

The uiobihnuiia in this instance was believed to be due to toxic 
mjuiy to the livei 

Cvsc 5 — Cholelithiasis and pathologic gallbladder weie diagnosed by the 
Graham-Cole method Repeated colics, occasionallv with jaundice, had occurred 
in the past twenty jeais Cholecystectom} was performed, and the liver was 
found to be appaientlv normal 

In this case, the model ately increased uiobihn m the stool is unex- 
plained eithei the size of the patient oi possibly the mild increased 
destruction ot the blood secondaiy to infection is to be considered 

Case 6 — The patient had had recurrent gallstone colic, and acute exacerbation 
w ith sev ere pain and rigidity m the i lglit upper quadrant , the temperature was 
103 There were 20,800 leukocytes A Graham-Cole roentgenogram made previ- 
ously suggested pathologic gallbladder Estimations of the urobilinogen were 
made at this tune and again after improvement following rest in bed and supportive 
measures The temperature w r as normal, the pam ceased 

This lllustiates the efiect of acute infection on the liver The 
relatively small amount of urobilmuiia persisting after the tempeiature 
became noimal probably indicates mild residual injury to the liver. 
At lapaiotoni) at this tune the gallbladder still contained consideiable 
purulent exudate and was only diamed The livei showed no evidence 
of disease 

Case 7 — Cholecv stectomy w'as performed, and a moderately diseased gall- 
bladder found The liver was normal in appearance Convalescence was rapid 

Catanlial Jaundice — Case 1 — The patient had had nnld jaundice of five days’ 
duration, which was subsiding when seen at the time of the first examination , 
the symptoms were also disappearing (nausea and vomiting, anorexia and consti- 
pation) The stools had been light colored at the onset of the jaundice At the 
time the patient was seen the increased urobilin in the stool and marked urobihn- 
uria with the stool-urine ratio of 5 1, permitted a diagnosis of injury to the liver 
in the stage of recoven The patient u'ent home 'apparently quite recovered It 
is important to note that the urobilin in the urine was still abnormally elevated, 
m spite of the apparent complete recovery' The patient returned in six weeks 
with deep jaundice, at this time the amount of urobilin in the stool and urine were 
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both low, but the ratio was about 1 1, indicating severe damage to the lner The 
stools were clay-colored The patient was much more ill than pre\iouslj The 
temperature rose daily to 301 and 102 F There was no pain, but terminal -vomit- 
ing and a hemorrhagic tendency were present The patient was toxic and irra- 
tional She died in coma Permission for necropsy was refused The clinical 
diagnosis w'as subacute yellow' atrophy 

Case 2 — The first estimations of the urobilin were made when the symptoms 
and jaundice w'ere subsiding Again the urobilinogen m the stool was increased, 
and the stool-urine ratio was low, about 11 1, indicating injury to the liver 
With complete subjective recovery and disappearance of jaundice, the urobilinogen 
in the urine was normal This patient w r as entirely healthy four months later 

Case 3 — The patient w'^s admitted to the hospital on Nov 1, 1929 Painless 
laundice had been present for three w'eeks There w'ere anorexia and mild consti- 
pation Fifteen years before the patient had had epigastric distress of two weeks’ 
duration without jaundice When admitted he had deep jaundice The edge of 
the liver was 5 cm lower than normal, smooth and firm The stools were clay- 
colored The contents of the stomach showed free hydrochloric acid 54, and 
occult blood w'as present Occult blood was found in several stools A roent- 
genogram of the gastro-intestinal tract showed a defect typical of a small duodenal 
ulcer Leucine and tyrosine w'ere absent in two urinalyses, but were present on 
the third examination with correct solubility tests Bromsulphalem retention w'as 
45 per cent in thirty minutes , iso-iodeikon showed 40 per cent retention , the 
gallbladder w'as poorly visualized Operation w'as preceded by daily administra- 
tion intravenously of dextrose and calcium chloride At laparotomy, the lner 
was found enlarged, swollen, and reddish, there were few adhesions around the 
gallbladder and a definite small duodenal ulcer No obstruction to the common 
duct w'as found The gallbladder W'as drained There w'as considerable drainage 
of dark bile subsequently, followed by definite improvement Modified Sippy ulcer 
management was begun On Jan 3, 1930, the patient w'as up and about and felt 
\erv w'ell The liver wis not palpable, and there w r as only very slight skin 
jaundice The total duration of the jaundice was about three months On July 
15 the patient’s condition was good, and there had been no recurrence of jaundice 

The very low stool-unne uiobilinogen ratio (about 1 1), peisistmg 
for some time even aftei paitial resumption of the flow of bile, indi- 
cated severe mjuiy to the livei This, with the long duration of the 
jaundice and the occunence of leucine and t) rosme m the urine, neces- 
sitated a poor prognosis Recoveiy was believed to be aided by the 
mtiavenous administi ation of dextiose and drainage of the gallbladder; 
whether the diamage of bile was due to coincidental beginning recovery 
or to a suction action on the livei, lemains a nrjstery Following the 
disappeaiance of jaundice, a piacticall} noimal stool-urine latio is noted, 
iwth urine uiobilinogen still slightly increased 

Picgnancy — Case 1 — The patient, pregnant about four months, had mild toxic 
\omitmg with secondary anemia Estimations of the urobilinogen w'ere made 
after ten days of hospitalization, with considerable improvement 

CAsr 2 — The patient was seven and one-half months pregnant She suffered 
from moderate jaundice, daily colicky pam m the right upper quadrant and vom- 
iting There was no fever She had had similar attacks previously The gall- 
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bladder was drained two years before while she was seven months pregnant, she 
did not think that stones were found Moderate albuminuria was present There 
vere 5,850 leukocytes, 71 pei cent neutrophils, and moderate amsocytosis Imme- 
diate marked improvement followed spontaneous labor 


In spite of the probable existence of disease of the gallbladdei 
m this instance and the possibility of a stone in the common duct, the 
estimations of urobilinogen pointed to mci eased destiuction of the 
blood borne out by the legeneiative anemia and to consideiable lnjun 
of the livei because of the low stool-urine latio This appioached 
noimal soon after deliveiy It was believed that the obseivations could 
be explained on the basis of a toxemia of piegnancv 


Pernicious Anemia — Casf 1 — The disease was recognized one year prior to 
the patient’s admission to the hospital Lner extract in relativeh small doses was 
gi\en during the last eight months There were definite numbness and tingling of 
the extremities The patient did not haye “sore tongue” No free hi drochloric 
acid was found in the contents of the stomach Erythrocytes showed marked 
macro-amsocytosis and hyperchromasia There \\ ere 4,200 leukocytes and 44 per 
cent lymphocvtes The neutrophils exhibited a moderate shift to the right The 
color index was 1 5 Intensive liver therapy was begun on Nov 27, 1929, with 
onlj moderate response The patient left the hospital against adwee on Decem- 
ber 12 The condition was said to be unimproted four months later, blood smears 
showed definite macro-amsocytosis 


Case 2 — Weakness, } ellow skin, sore tongue, numbness and tingling had been 
noted in the past year The tongue was smooth There was a loud blowing 
s\ stolic murmur at the apex of the heart The er\ throcytes show ed marked hyper- 
chromasa and macro-amsocvtosis There w>ere fiequent “pernicious anemia” 
neutrophils Occasional normoblasts yvere seen at times with multiple nuclear 
buds , there were occasional mvelocy tes, 6,250 leukocytes and 67 per cent neutro- 
phils The patient was extremeh weak and suffered from fever and vomiting 
Liver extract equivalent io about 800 Gm of liver was gi\en bv rectum The 
patient died three hours after a transfusion of 500 cc of citrated blood Necropsy 
showed marked arteriosclerosis w ith extensive coronary thickening and some 
fibrosis cordis Deeplv pigmented bile was seen in the gallbladder The livei 
show r ed no gross disease The spleen weighed 300 Gm , and yvas firm and dark 
red The bone-marroyv shaft of the femur was definitely hvperplastic (red) 
Microscopic examination showed an occasional hypertrophic Kupffer cell, with 
infrequent ervthrophagocytosis \er\ little hemosiderin, markedly hvperplastic 
bone-marrow approximateh equalh m\ eloblastic and erythro-megaloblastic, dif- 
fuse pulp congestion in the spleen and slight hemosiderosis 


Case 3 The patient had had epigastric distress suggestive of peptic ulcer for 
the past several months, weakness, some numbness and tingling m the extremities 
for two months, a smooth tongue, pale yellowish skin and impaired sense of 
"bration Examination of the blood showed marked macro-amsocytosis , disper- 
sion of the Arneth count to the right and left, with occasional t\pical neutrophils, 
2,500 leukoevtes w ith 43 5 per cent lymphocytes and 5 per cent eosinophils There 
was no free hydrochloric acid Marked nnpro\ ement followed intensne lner 
therapy (500 Gm of cooked liyer daily 7- ) 
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C A s r 4 — The patient h«d had weakness, sore tongue and substernal pain for 
two vears Definite macro-amsocy tosis, poikilocytosis, slight poly chromasia and 
occasional normoblasts were noted There was no tree hydrochloric acid 
Improvement of blood was shown after daily administration of liver extract 
equivalent to 500 Gm of liver Iherc was considerable subjective improvement 

CAsr 5 — The patient had had pale yellow skin varying m degree for the past 
two years A sore tongue and mouth, weakness and dyspnea bad been present 
for the past year Numbness and tingling were felt in the extremities for the 
past few weeks Ervthrocytes showed hypcrchomasia, macro-anisocy tosis and 
marked poikilocy tosis There were occasional normoblasts, myelocytes and pro- 
myelocytes, with 2,600 leukocytes and 415 per cent lymphocytes, and later 5,600 
leukocytes and 37 per cent lyunphocvtes Definite 'pernicious anemia” neutrophils 
were present Liver or liver extract equivalent, 500 Gm , daily was given (begin- 
ning March 6, 1930) On June 21, the patient felt quite well, and had a good 
appetite 

Case 6 — The patient complained of dyspnea, weakness and sore tongue There 
were 3,650 leukocytes and 46 5 per cent lvmphocy tes , the neutrophils showed a 
marked shift to the right Marked macro-anisocytosis and hy perchromasia and 
some poikilocytosis were present The Mmot-Murphv diet was begun on Jan 11, 
1930 (500 Gm of liver daily), and caused marked improvement On April 4, the 
patient’s condition was good The liver therapy was continued (from 200 to 300 
Gm daily) 

Case 7 — The patient suffered from progressive weakness and dyspnea for one 
year The skin was pale and yellowish There were 4,350 leukocytes and 49 
per cent lymphocytes The neutrophils showed a shift to the right Marked 
In perchromasia and macro-amsocytosis, and poikilocytosis were present There 
were occasional normoblasts, some with multiple nuclear buds Liver extract, 
equivalent to from 400 to 500 Gm of liver, was given daily Later, this therapy 
was supplemented by cooked whole liver On April 5, 1930, the patient felt fairly 
well but was still somewhat weak The blood has improved as shown 

Case 8 — The patient was extiemely weak and irrational, with pale yellow skin 
and a moderatelv smooth tongue There were 2,750 leukocytes with 57 5 per cent 
lymphocytes, 8 per cent eosinophils The erythrocytes showed marked macro- 
amsocytosis, poikilocytosis and hv perchromasia There were frequent normo- 
blasts with multiple nuclear buds, some basophilic stippling and occasional 
“pernicious anemia” neutrophils Liver extract equivalent to from 400 to 500 Gm 
of liver was given dailyq with some difficulty There was considerable improve- 
ment The patient left the hospital on June 9, 1930 

The repeated estimation of urobilinogen in the foregoing cases of 
pernicious anemia in which liver therapy was used suggested that they 
could be divided into two groups in yvhich the absence or persistence of 
urobihnuna aftei the ieticuloc)te crisis yvas correlated with the late of 
met ease of eiythrocytes and hemoglobin Patients in whom urobihnuna 
disappeaied at or before the reticulocyte cnsis (cases 3, 4 and 6 in 
table) exhibited an increase of hemoglobin ov r er a considerable period 
at the average rate of 0143 Gm per day and of 0 055 millions of 
erythrocytes pei day yvhile those m yyhom urobihnuiia persisted foi 
eyen a short time aftei the leticulocvte cnsis (cases 5 7 and 8) the 
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coriespondmg values weie 0120 and 0 048 Case 1 was not included 
m the latter group, because the patient had been on liver therapy for 
a much longer peiiod, and was therefore not comparable It was sig- 
nificant, however, that wdnle his blood failed to show improvement, 
urobilmuria w'as definite, with normal urobilin in the stool 

In these two groups the average elevation of hemoglobin reached m 
the first (with disappearance of urobilmuria) w'as 14 2 Gm and of 
red blood cells 3 99 millions , this w'as observed after an average period 
of forty-seven and seven tenths days Corresponding values m the 
second group w'ere 10 7 and 3 56, over an average period of observa- 
tion of forty -two days The slight variation m time is not enough to 
account for the discrepancy, at least as regards the hemoglobin, wheie 
coriection for the five and seven tenths days brings the value only to 
eleven and four tenths, while the erythrocyte average corrected is three 
and eighty-three hundredths This suggests some interference in the 
formation of hemoglobin in the second group It is realized that the 
number of cases is too small to permit definite conclusions 

The average value for uiobilm in the stool m i elapse was 557 7 Gm , 
and m remission induced by liver therapy it w as 183 6 This observa- 
tion, of course, suggests that liver acts by curtailing the increased 
destruction of the blood This is the view of Basch, Jungmann, Dyke 
and Greener, and Schulten Nothing is known of the factor of urobilin 
resorption m pernicious anemia, and possibly it is reduced m relation 
to the fairly constant gastro-intestmal pathologic changes However, 
the fact that urobilmuria may often be considerable, as m the present 
series, is against this conception 

No relation was found to exist between the amounts of urobilinogen 
m the stool and ui me The urobilinogen m the urine might be increased 
with a low’ amount of urobilinogen m the stool as in the first case, or 
low woth a high stool value as m cases 2 and 3 This, obviously, did 
not support the simple “overflow” theory Because of the well recog- 
nized relation of injury' to the liver to urobilmuria and the definite 
anatomic variations m the liver in relapse and remission, as recently 
showm by Mettier, together with the present observations, it is suggested 
that m pernicious anemia urobilmuria is only an evidence of liver 
derangement 

SUMMARY 

Knowledge of the average daily elimination of urobilinogen is often 
of great aid m the clinical study of jaundice and anemia This may' be 
obtained b\ use of the modification of Tenven’s method, described 
herein The method is not difficult, although any' quantitative method 
applied to feces is necessarily' time-consuming Standardization of the 
colorimetric procedure is based on the color pioduced by a chemical 
mdnidual mesobilirubmogen, when condensed with paradimethyl- 
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aminobenzaldehycle In means of lndrochlouc acid This method gnes 
slightly higher values than the original technic of Teiwens The 
average urobilinogen m the noimal stool was considered In Teiwen 
to be 134, compared with 151 2 in the piesent series, nhile the a\eiage 
figures foi pernicious anemia aie respectively, 455 3 and 554 7 (i elapse 
only) Values for urobilinogen in the stool weie found i educed in 
secondary anemia, unless legeneiative with increased destiuction of the 
blood when they weie highei The uiobilmogen in the stool was 
increased foi a shoit time after leleasc of obstructive jaundice, and the 
stool-unne latio was i educed with mjuiy to the hvei In pernicious 
anemia, the rate of increase of hemoglobin and red blood cells in 
patients tieated with livei therapy was somewhat slowei if urobihnuna 
peisisted beyond the leticulocyte crisis Uiobihnuiia was believed not 
simply due to oveiflow with a noimal livei but piobably to an actual 
derangement of the livei, moie maiked in some instances than otheis 

CONCLUSIONS 

1 A modification of Terwen’s method for the estimation of 
ui obi Imogen in mine and feces is described, which is believed to be 
simpler and moie efficient than the ongmal pioceduie 

2 Standai dization of the color standard is based on ciystalline 
mesobilu ubinogen ( Fischer ) 

3 Results of a senes of cases studied with this method are leported 
and indicate that valuable information may be obtained by its use in 
the clinical study of jaundice and of the anemias 

4 Persistent mobilinuna aftei the reticulocyte cnsis in cases of pei- 
mcious anemia in which liver therapy is used is accompanied by a 
slowei late of increase of hemoglobin and, to a less maiked degiee, 
of eiythiocytes 
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CENTRAL VASOMOTOR IRRITABILITY 


CONTRIBUTION TO THE PROBLEM OT ESSENTIAL HYPERTENSION < 

W RAAB, M D 
Rockefeller Research Fellow 
VIENNA, AbSTRI \ 

In a pievious papei 1 there Mas descnbed a chaiactenstic featuie 
of essential (not neplmtic) hypertension, namely, an increased sen- 
sitivity of the vasomotoi centeis to changes m alveolai caibon dioxide 
tension abnormally high rises of blood piessuie dui mg the inhalation 
of caibon dioxide and an abnoimal fall of blood pressuie during the 
increased exhalation of caibon dioxide (hypei ventilation , Tirala 2 and 
Rappapoit 3 ) There is a stiikmg parallelism between the figuies of 
alveolar caibon dioxide and of blood piessuie dunng hyperventilation 
in hypei tonic patients, while a fall of canxm dioxide to the same extent 
does not change the blood pressuie of hypei ventilating noimal persons 
in any definite way (Collin, Densham and Wells 4 Schneider 5 ) Fiom 
this characteristically different behavioi of noimal and hypertonic per- 
sons the conclusion has been drawn that a pathologic hypersensitivity 
of the vasomotor centeis (not onfy to abnoimally high amounts of 
carbon dioxide but even to the noimal caibon dioxide content of the 
blood) may be an impoitant factor conti lbutmg to the high blood 
pressure level in hypei tonic persons Caibon dioxide acts, as is well 
known, as a specific stimulant on the central vasomotor apparatus 
Hendeison c said “Caibon dioxide tension in the nerve centers 
is a factor in the maintenance of tonus ’* Fuithermore, it has recently 
been shown by Weiss and Ellis 7 that the mci eased blood piessuie in 
hypertension is due to a contraction of the peripheral vessel system 
and not to primal y changes in the general blood volume, cardiac output, 

v Submitted for publication, June 13, 1930 

* From the Department of Physiology, Harvard Medical School, Boston 
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circulation through the lungs or velocit) of the blood flow This also 
suggests a dominant role of the vasomotor centers m hypertension 

The question arose, What is the cause of that hypern ntabiht) , and 
by what means would it he possible to mutate similai conditions experi- 
mentally in animals ? Man) outstanding mvestigatoi s attribute an essen- 
tial importance foi the genesis of hypertension to central neivous 
factois (von Monakow, 8 Kiehl, 9 Pal, 10 Goldscheidei , lx Kahler, 12 A 
Loewy, 13 Cobet, 14 etc ) Emphasis has been put on the fiequent piesence 
of ai teriosclerotic alterations of the vessels of the brain (Riebold, ir ' 
Lippmann 10 Munk 10 and otheis) A thoiough histologic study of the 
lattei subject has recently been published by Bordley and Baker 17 
concerning twenty-foui cases of arteriosclerosis in fourteen of which 
the patients had suffered fiom doubtless hypei tension while in ten the 
blood pressure had been normal The authois found scleiotic altera- 
tions in the walls of the vessels of the medulla obloilgata m the hypei - 
tonic patients but not in those with normal blood piessure It is true 
that Cutler 18 obseived conditions of the kind mentioned m only 
about 25 per cent of eighteen brains from hypei tonic peisons, but on 
the other hand the possibility of spastic conti actions even of the 
vessels of the biain not leaving any anatomic tiaces has fiequently 
been emphasized Finally, it may be mentioned that a rise m blood 
pressure can also be caused by an increase of mtiacianial piessure 
(Cushmg, 19 Kahler 12 and otheis) All investigators unanimously assume 
the diminishing of the supply of blood and oxygen to be the essential 
moment in the impoitance of all of the different conditions for the 
increased tonus of the vasomotor centers Expenmental evidence for 
this conception has been given by Mathison 20 and Anrep and Stalling, 21 

8 von Monakow P Deutsches Arch f khn Med 115 47 and 224, 1914, 

133 1983, 1920 

9 Krehl, in von Mering, J I ehrbuch der inneren Medizin, ed 13 Jena, 
Gustav Fischer, 1921 

10 Quoted by Kahler Ergebn d inn Med u Kmderh 25 265, 1924 

11 Goldscheider Ztschr f phys u diatet Therap 23 25, 1919, 25 1 1921 

12 Kahler Ergebn d inn Med u Kinderh 25 265, 1914 

13 Loewy, A Arch f d ges Physiol 207 632, 1925 

14 Cobet Biochem Ztschr 137 67, 1923 

15 Riebold Munchen med Wchnschr, 1917, vol 43 

16 Lippmann Deutsche med Wchnschr 44 907, 1918 

17 Bordley, J III, and Baker, B AI, Jr Bull Johns Hopkins Hosp 38 320, 
1926, 39 229, 1926 

18 Cutler, O I Relation of Arteriosclerosis of Cerebral AAssels to Hyper- 
tension Distribution of Arteries Supplying the Pons and Aledulla, Aich Path 
5 365 (A'larch) 1928 

19 Cushing Bull Johns Hopkins Hosp 12 290, 1901 

20 Alathison J Physiol 41 416, 1910, 42 283, 1911 

21 Anrep and Starling Proc Roy Soc Aled 97 463 1924 
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as well through artificial 1 eduction of the ui culation of the biain, 
by cutting down the respirator} oxygen supply , fuitheimoie Gurdjian - 
pioduced strong increases of blood piessuie by the application ot 
sodium cyanide to the medulla oblongata, which pi e\ ents oxidation 

Lack of oxygen causes an accumulation of lactic acid not only in 
the muscles (Fletchei and Hopkins , 23 etc ) but also in the nervous 
(Fenn , 24 Gerard 23 ) and brain tissue (McGinty and Gesell, 2 '' Cobet- 7 ) 
especially in the medulla oblongata (Haldi, Ward and Woo 28 ) On 
the other hand it is known that acids genet ally stimulate the vaso- 
motor centers (Tiaube , 20 Mathison 20 Bambridge , 30 Itamic 1 Cobet , ,4 
Eppmger, Kisch and Schwai z , 12 Gesell, 3 Gollwitzei-Meiei 34 and 
others) In regard to those facts it is not too fai fetched to imagine 
that even the clinical hypertonic blood pressuie might be at least 
partly due to an accumulation of acid substances, especially^ of lactic 
acid within the legion of the vasomotoi centeis as a consequence of 
local circulatoiy distuibance and thus a diminished oxygen supply, an 
idea that has alieady been suggested by Cobet , 14 Lichtwitz 33 and A 
Loewy 13 (Straub and Meier 30 and von Romberg 37 have applied the 
same conception to the respiratoiy center for explaining “central 
dyspnea ”) 

This hypothesis being logically well enough founded it seemed woith 
while to search foi expenmental evidence It was consideied as a suit- 
able proceduie m this duection to examine the eftect of a diminished 
supply of oxygen and of aitificial acidification of the centers concerning 
not only the sufficienth well studied plain use of blood pressuie but 
mainly the degiee of mitability under those conditions In other voids, 
Do the shortage of oxygen and the piesence of lactic acid in the laso- 

22 Gurdjian, E S Am J Phvsiol 82 261, 1927 

23 Fletcher and Hopkins J Physiol 35 247, 1907 

24 Fenn, W O Am J Phvsiol 80 327, 1927 

25 Gerard, R W Am J Physiol 82 381, 1927 

26 McGinty, D A , and Gesell, R Am J Physiol 83 323, 1927 

27 Cobet Arch f exper Path u Pharmakol 145 140, 1929 

28 Haldi, J A , Ward, FI P , and Woo, L Am J Physiol 83 250, 1927 

29 Traube Gesammelte Abhandlungen, Berlin, A Hirschwald, 1856 vol 2 

30 Bambridge, FA J Physiol 54 192, 1920-1921 

31 Itami J Phvsiol 45 338 1912-1913 

32 Eppmger, Kisch and Schwarz Das Versagen des Kreislaufes, Berlin 
Julius Springer, 1927 

33 Gesell, R Ergebn d Plrysiol 28 340, 1929 

34 Gollwitzer-Meier, IF Arch f d ges Phjsiol 222 104 and 124, 1929 

35 Lichtwitz Die Praxis der Nierenkrankheiten, Berlin, Julius Springer, 
1925 , quoted by Blum, R Ergebn d inn Med u Kinderh 35 255, 1929 

36 Straub, H and Meier, IF Deutsches Arch { klin Med 138 208 1922 

37 ion Romberg, E Wien med Wchnschr 80 361 1930 
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motoi centeis pioduce besides an liritation of the centers an increased 
irritability which is an important charactenstic of essential hypertension 7 
Evidence foi hypei instability m hypertonic men has been given by the 
reactions to changes of alveolai (blood) caibon dioxide, as mentioned, 
and b) the sudden abnormally high uses of blood pressure due to 
peripheral stimuli, especially to pam (Cuischmann, 10 Pal, 38 Kahler, 12 
Eisenfarb 39 and otheis) and to psychic emotions (Ivulbs, 40 Ayman 44 
and otheis) 

A general mciease of nervous excitability under the influence of 
a shoitage of oxygen and undei the action of acids has been reported by 
vaiious authois (Bethe, 42 Syz, 4 ° Boehm, 44 Batelli, 45 Elias, 40 Winter- 
stein, 47 Kaya and Stalling 4S Biailsford-Robeitson 49 and otheis) Hal- 
dane and his collaboratoi s 30 obseived an inci eased sensitivity of the 
lespnatory centei to carbon dioxide thiough the diminution of oxygen 
Gesell 33 assumed that the l espn atorv centei is moi e sensitive to carbon 
dioxide the less it is buffered Cobet 51 and Hosier 32 obseived a stiongei 
increase of blood piessuie m hypertonic than m normal persons if the 
supply of ox) gen was cut down Mathison 20 found a summation of the 
effects of the infusion of acids and the inhalation of carbon dioxide in 
decerebiate cats He also discussed the possibility that the lack of oxygen 
caused an “mti aneural” formation of acids m an amount sufficiently 
high to excite the \asomotoi centeis but not to be detected m the cn- 
culating blood 

The fact that painful peupheral stimuli cause a rise m blood pressure 
has been stated by Heidenham, 53 Biadford, 10 Tigeistedt 10 and others 

38 Pal, J Die Gefasskrisen, Leipzig, S Hirzel, 1905 , footnote 10 

39 Eisenfarb, J Klin Wchnschr 9 552, 1930 

40 Kulbs, in Mohr-Staehelm Lehrbuch der mneren Medizin, ed 2, Munich, 
J F Bergmann vol 2, p 443 

41 Ayman, D Normal Blood Pressure in Essential Hypertension, J A 
M A 94 1214 (April 19) 1930 

42 Bethe Ergebn d Physiol 5 250, 1906 

43 Syz J Pharmacol 30 1, 1907 

44 Boehm Arch f exper Path u Pharmahol 8 68, 1878 

45 Batelli J de physiol et de path gen 2 443, 1900 

46 Elias Ergebn d inn Med u Kinderh 25 192, 1924 

47 Wmterstein Ztschr f allg Physiol 3 359, 1903 

48 Kaja and Starling J Physiol 39 346, 1909-1910 

49 Brailsford-Robertson Festschrift fur Hamburger, 1905, p 287, quoted 
bv Elias (footnote 46) 

50 Haldane and Poulton J Physiol 37 390, 1908 Haldane and Boycott 
J Physiol 37 369, 1908 Douglas and Haldane J Physiol 38 420, 1909 

51 Cobet Deutsches Arch f klm Med 143 253, 1924 

52 Mosler Ztschr f him Med 78 133, 1913 

53 Heidenham Arch f d ges Physiol 3 505, 1870, 5 77, 1872 
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it is usually consiclcicd as being a icflex phenomenon, although c\cn 
a dischaige of epincphnne fiom the supiarcnals can play a iole under 
certain conditions ( Cannon, ' J ‘ Houssae and Mohnelh " Tournade and 
Chabi ol/'° and otheis ) 

In the following expeiiments inhalation of cat bon dioxide. In pci - 
ventilation and electric stimulation of the ciuial nene ha\e been used 
as tests foi the excitability of the vasomotoi centeis tuidei tanous 
conditions 

Finally, theie exists a lather chaiactenstic featme in essential 
h) pei tension in man — a fiequcntly ie\eited 01 at least weakened 
i espouse of the blood piessure to epmeplnme (Schlesmgei and 
Ainstem , 57 Diesel, ns Jansen 79 Kaufmann , 00 Ivylin , 01 Basch 00 and 
otheis) Inti avenous injections of epinephrine haye theiefoie also been 
used as a test foi expei imental hypei tonic conditions 

technic 

111 all of the experiments, cats decerebrated under ether anesthesia ha\e been 
used because the reactivity of the vasomotor centers had been found to be too 
much injured by continuous anesthesia (von Esveld 02 ) The \agi on the left and 
the right sides were cut 

Registration of the blood pressure was done with a mercury manometer partly 
from the femoral arter\ and parti} from the left carotid arter} Graphical regis- 
tration was taken of the intratracheal air pressure 

Lactic acid and other substances were injected through a cannula tied into the 
central stump of the right carotid artery and connected with the syringe bv means 
of a thick rubber tubing By this method the liquid injected reaches the brain 
stem through the right vertebral artery Longer lasting infusions w r eie made 
with a special apparatus designed by Dr Magnus Gregersen, to be described sub- 
sequently by himself — an electrically driven pinion mechanism which warrants a 
regular pushing forward of the piston of the fixed syringe with various definite 
slow speeds 

The control analyses of the gas mixtures were made by Miss E Bright A 
spirometer w r as inserted between the steel tanks and the respiration \alves 

For artificial respiration, an air pump constructed by Prof C Drinker w r as 
used Its speed could be \aned between fifteen and twenty-six re\olutions per 
minute, the single stroke \olume being between 0 and 97 cc 

54 Cannon Am J Physiol 1 399, 1919 

55 Houssay, B A , and Mohnelh, E A Re\ Soc argent de biol 1 125, 
1925 

56 Tournade, A , and Chabrol, M Compt rend Soc de biol 92 418, 1925 

57 Schlcsmger and Arnstem Wien khn Wchnschr 49 1179 1919 

58 Drcsel Deutsche med Wchnschr 45 955, 1919 

59 Jansen, W H Deutsches Arch f khn Med 147 339, 1925 

60 Quoted by Kylin, Eskil Die Hypertoniekrankheiten, Berlin Julius 
Springer, 1926 

61 Kvlin, Eskil Die Hypertoniekrankheiten, Berlin, Julius Springer, 1926 

62 \on Es\eld Arch f exper Path u Pharmakol 147 297 1930 
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Fig 1 — After Reigharel and Turnings The Anatomy of the Cat, New York, 
Henry Holt A Compam, 1925 



Fig 2 — Apparatus used in the experiments 
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The single pcrioels e,i the experiments were general!} ‘-eparated In lntmaK 
of irom ten to thirtx minutes to secure sufficient reccncn alter each penod 

The greater number of experiments were done with the maintenance of the 
spontaneous respiration because a poisoning with curare is not quite indifferent 
lor the mode of reaction ol the \asomotor centers (Grutrner and Ileidcnhain ' " 
Latsehenberger and Deahna 01 'lillic/* Martin and Stiles M ) while without paralx- 
sis ol the breithmg muscles, distuibmg mterierenees occur between spontaneous 
and artificial respiraton moeements of the chest 
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EXPERIMENTS 

Combination of Effect of Caibon Dio.udc with Want of Oxygen 
(table 1) — These expei intents show without exception an increase of 
the effect of caibon dioxide on blood piessuie if combined with a 
diminished supph of oxtgen The effect of carbon dioxide with only 
10 pei cent of oxtgen gnes a highei rise m blood pressure than the 
sum of the single effects of carbon dioxide alone and of 10 per cent 
of owgcn alone 

63 Grutmer and Heidcnhain Arch f d ges Phxsiol 16 47, 1878 

64 Latschcnhergcr and Deahna Arch f d ges Phxsiol 12 157, 1876 

65 Tilhe quoted In Boehm Handbuch der expenmentellcn Pharmakologie 
Berlin, \ HcfTter 1920 \ol 2 p 179 

66 Martin and Stiles Am J Phxsiol 34 220 1914 
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Fig 3 (experiment 7) — Effect of carbon dioxide increased through the want 
of oxygen 
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Combination of Effect of Cm bon Dioudc icith Lactic v . lad (tables 
2 anc i 3) — As it had been planned to inject diluted lactic acid into the 
right caiotid aiten one had to reckon with the theoietical possibihu 
that the mere dilution of the blood (although being \ cry model ate) could 

T Ain r: 2 — Conti oh uith Solon Solution Injected into tin Cmtial Stump of the 
Right Caiotid and the Effect o{ Cat bon Dioxide 
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Taru: 3 — Lactic Acid Injected into the Ccntial Stump of the Right Caiotid and 

the Effect of Carbon Dioudc 
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^perhaps affect the tonus of the vasomotor centeis in consequence of the 
somewhat diminished oxj gen content of the diluted blood This is. how- 
ever, not the case, as the conti ol experiment 8 (table 2) shows 

In all of these experiments the eftect ot carbon dioxide on the blood 
piessuie was inci eased by the simultaneous (in experiment 13 by pievi- 
ous) injection of lactic acid into the central stump of the light" caiotid 
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Fig 4 (experiment 15) — Effect of carbon dioxide increased through the infu- 
sion of lactic acid 
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aitcry The effect of lactic acid and cat bon dioxide combined is con- 
siderably lnghci than the sum of the single effects 

Combination of hffcct of Caibon Dioxide with Acetic Acid (table 
4) — Although acetic acid m the concenti ation used (twentieth-normal) 
does not cause an increase but lalhei a slight decrease of blood pressuie, 
the effect of caibon dioxide m its presence is still intensified 

Effect of Caibon Dioxide Aftei Injection of Lactic Acid into the 
Snboccipital Cavity (tables 5 and 6) — In the following expenments, 
aftei having exposed the atlanto-occipital membrane, lactic acid (and 
as a conti ol physiologic solution of sodium chloride) was injected into 
the cerebiospmal cavity not fai fiom the region of the vasomotor 

TAiirr 4 — Acetic Acul Injected into the Ccntuil Stump of the Right Caiotid and 

Effect of Caibon Dioxide 
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centeis To avoid an undesiicd use of piessuie within the cei ebrospinal 
cavity, an amount of licjuoi was fiist allowed to escape thiough the 
punctiue hole The amount of fluid injected that remained inside the 
duia is not exactly known because a part of it escaped aftei lemoval of 
the needle, it might be loughly estimated as about 0 5 cc of each of 
the fluids injected The control expeiiment (19, table 5) showed a 
slightly diminished effect of caibon dioxide aftei the injection of salt 
solution Aftei the injection of the lactic acid, on the conti aiy, the 
effect of caibon dioxide was consideiably intensified within a space of 
time, from one to twenty minutes aftei the injection (In expeiiment 
20, the injection of the lactic acid itself caused a shoit-lasting fall of 
blood piessuie of 16 mm , in the othei expenments, short-lasting rises 
of 62, 13 and 57 mm , with a following letuin below the initial level 
The injection of salt solution did not altci the blood picssure ) 

Combination of Effect of Carbon DioAtdc with Sodium Carbonate 
(table 7) —The lcsults of these expenments aie lriegular concerning 
both the action of sodium caibonate itself and its influence on the effect 
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of the carbon dioxide The latter can be increased (experiments 24 and 
25) or decreased (experiments 26, 28 and 29), or even transformed into 
an absolute fall of blood pressure (experiment 27) 

Prolonged Increase of Blood Piesswe by Continuous Perfusion of 
the Brain Stem with Lactic Acid — A cannula was tied into the right 
carotid and connected with a syringe the piston of which was pushed 
forward m a definite slow speed by a motor and pinion mechanism 
All of these experiments were staited after the blood pressuie level 
had kept fairly constant for at least fifteen minutes The readings of 
blood pressure were mostly done every two minutes The results in 
experiment 30 were as follows 

0- 15 minutes Average blood pressure 105 mm 

15- 70 minutes Lactic acid (2^4 per cent, 015 
cc per minute) into central 

stump of right carotid Average blood pressure 126 mm 

70-100 minutes Average blood pressure, 144 mm 

100-160 minutes Lactic acid (5 per cent, 0 15 

cc per minute) Average blood pressure 176 mm 

(Maximum, 222) 

After the infusion of lactic acid was stopped, the blood pressure 
continued to increase to 242 mm (one hundred and seventy-second 
minute), and then fell gradually to 128 (two hundred and sixth minute) 
The animal was killed in the two hundred and thirtieth minute with 
a blood pressure of 132 

In both lactic acid periods the manometer cannula had to be washed 
out because of clotting The manipulations on the artery were followed 
m both cases by a short rise and a considerable fall m blood pressure 
which was, however, compensated again within from fifteen to twenty 
minutes The highest rise m blood pressure during infusion of lactic 
acid was 112 mm above the original level The frequency and depth 
of respiration were not markedly increased during the whole experiment 
The results of experiment 31 are shown m the following tabulation 

0-15 minutes Average blood pressure 133 mm 

15-78 minutes Lactic acid (5 per cent, 0 15 

cc per minute) Average blood pressure 163 mm 

(Maximum 198) 

78-84 minutes Average blood pressure 162 mm 

Another infusion of lactic acid was attempted but the animal col- 
lapsed and died within the first ten minutes The highest rise during the 
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first lactic acid period amounted to -j-64 mm above the original level 
The results m experiment 32 weie as follows 


0- 20 minutes 
20- 76 minutes 


76- 82 minutes 
82-114 minutes 


Lactic acid (5 per cent, 
cc per minute) 


Average blood pressure 60 mm 


015 

Average blood pressure 85 mm 
(Maximum 98) 

Average blood pressure 103 mm 


Lactic acid (5 per 
cc per minute) 


cent, 015 

Average blood pressure 105 mm 
(Maximum 120) 


Fiom the one hundred and fourteenth minute on, convulsions started 
and the blood pressure fell slowly , the animal was lolled m the one 
hundred and twenty-fouith minute with a blood pressure of 60 The 
highest rises m the first lactic acid period were to +38 mm , in the 
second, +60 mm Hie results in experiment 33 were as follows 


0-15 minutes 
15-65 minutes 

65-75 minutes 
75-90 minutes 


Average blood pressure 124 mm 

Lactic acid (7^4 per cent, 0 15 

cc per minute) Average blood pressure 129 mm 

Average blood pressure 129 mm 

Lactic acid (15 per cent, 015 

cc per minute) Average blood pressure 195 mm 

(Maximum 260) 


From the ninetieth minute on there occuiied convulsions, rapid fall 
m blood pressure and death shortly thereaftei The highest rise during 
the second period was + 136 mm , while the first period with a lactic acid 
concentration only half as stiong had been practically uneffective The 
results of experiment 34 aie given m the following tabulation 

0-15 minutes Average blood pressure 141 mm 

15-30 minutes Lactic acid (5 per cent, 0 15 

cc per minute) Average blood pressure 175 mm 

(Maximum 188) 

The highest rise was +47 mm The lesults in experiment 35 were as 
follows 


0-15 minutes Average blood pressure 135 mm 

15-45 minutes Lactic acid (5 per cent, 015 

cc per minute) Average blood pressure 155 mm 

(Maximum 172) 

After the fortieth minute convulsions occurred The animal was 
killed at that time The highest rise was +37 mm 

In these six experiments the blood pressure could be maintained on 
an artificially increased level during a period varying from a quarter of 
an hour to two hours through the infusion of lactic acid The intensity 
of response was individually different 
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Effect of Carbon Dioxide Dm mg Continuous Infusion of Lactic 
Acid (table 8) — The effect of carbon dioxide on the blood pressme 
is also increased during continuous infusion of lactic acid, staitmg 
from an elevated blood pi essure level 

Table 8 — Continuous Infusion of Lactic Acid and Effect of Caibon Dioxide 


Lactic Acid Gas Mixture Dura- 

Infused Inhaled tion Blood Pressure 

a — — * of * 



Period 

of 

/ 

Concen 

A 

- % 

/ — 

Carbon 

Ox\- 

V Of r 

Nitro Expert 


A- 

Maxi- 


-\ 

Com- 

Ex 

Ex- 

tration. 

Volume, Dura Dioxide, 

gen, 

gen, 

mental 


mum 


parison 

Den 

pert 

per 

Cc per 

tion, 

per 

per 

per 

Period, 

Ini 

At 

Devia- 

of 

ment ment 

Cent 

Minute 

Min 

Cent 

Cent 

Cent 

Min 

tial 

tamed 

tion 

Results 

36 

a 




3 5 

25 

715 

2 

106 

122 

+16 


b 

25 

015 

30 

35 

25 

715 

2 

130 

152 

+22 

b s= a+6 


c 

25 

015 

50 

3 5 

25 

71 5 

2 

138 

159 

+21 

c := a+5 


d 

50 

015 

30 

3 5 

25 

71 5 

2 

190 

197 

+ 7 

d a— 9 

37 

a 




35 

25 

715 

2 

128 

159 

+31 


b 

75 

015 

45 

35 

25 

71 5 

2 

130 

185 

+55 

b — a+24 

38 

a 




3 5 

25 

71 5 

2 

124 

148 

+24 


b 

75 

015 

20 

35 

25 

71 5 

2 

ISO 

206 

+26 

b-a+2 

39 

a 




3 5 

25 

71 5 

2 

130 

162 

+32 



b 

50 

015 

15 

35 

25 

71 5 

2 

ISO 

234 

+54 

b = a+22 


Table 9 — Hyp ei ventilation Befoie and Dunng Infusion of Lactic Acid 


<x> 

a 

§ 

p. 

40 

41 

42 

43 


44 


45 


4-3 

° a 

■Om 
O 01 

R n 
+ H 

a 

b 

a 

b 


a 

b 

a 

b 

c 

d 

a 

b 

c 

d 


a 

b 


Lactic Acid Standard Hypmentilation Average 

Infused Respiration , •, Blood Pressure 

a ,per Minute , ■* 


a 

o 



r ~ 

c r 

1 

m 

+3 

C3 

02 

-3 

fl' 

, C 

o 2 


2 -*4> 

•w 3 

c a 

S a 

o S 

S <3 

<y 

cs a 

hf t-i 

§a 

1 S 
•3 p 
> a 

C3 P 

a- n 

s ° 

3 S 

3 s 

03 

ca> 

« K 

3 o 
Ch o, 




20 

49 

26 

SO 

0 07 

30 

20 

49 

26 




20 

49 

26 

50 

0 07 

10 

20 

49 

26 




20 

55 

26 

50 

0 07 

12 

20 

55 

26 




20 

61 

26 

75 

015 

10 

20 

61 

26 

7 5 

0 07 

20 

20 

61 

26 

75 

0 07 

45 

20 

61 

26 




26 

55 

26 




26 

55 

26 

50 

015 

6 

26 

55 

26 

50 

0 15 

20 

26 

55 

26 




26 

55 

26 

50 

015 

10 

26 

55 

26 


a 



s, 

V 

5 a 

U 

Q 

>> CJ 

<v 

a S 

O 

> 

o 

CQ C 

3 

O w 
~ o 

M ° 

V C3 

££ 

M 

>x 

a 

oca 

+3 Q 

C3 - 

44 

O 

cj 

on 

Ph ^ 

-4J 4J 

CS 3 

(-■ "3 

04, 

c-n 

r +3 

u 

o 


(-i 

CC 

O t-4 

a % 

V— < P* 

Q 

3,= 

Q« 

•M C 

ca > 

d cd 

4-> 

<i 


61 

62 

5 

121 

107 

109 

( 50) 

61 

62 

5 

159 

128 

148 

(150) 

61 

62 

5 

60 

60 

73 

( 75) 

61 

62 

5 

105 

93 

99 

( 50) 

67 

58 

5 

113 

104 

104 

( 50) 

67 

58 

5 

162 

140 

150 

(130) 

79 

08 

5 

118 

111 

111 

( 75) 

79 

68 

5 

147 

122 

131 

(150) 

79 

68 

5 

178 

164 

156 

GOO) 

79 

63 

5 

183 

173 

173 

(100) 

69 

26 

5 

110 

130 

149 

(100) 

73 

33 

5 

116 

145 

174 

( 40) 

69 

26 

5 

130 

130 

139 

( 80) 

73 

33 

5 

128 

123 

123 

( 60) 

73 

33 

5 

60 

99 

119 

( 60) 

73 

33 

5 

73 

73 

SS 

( 60) 


Deviation of 
Blood Pressure 
During Hyper 
ventilation 

A 


CJ 

£ 

S3 

bH 

C3 

£ 



> 

c3 

«! 

S 

—14 

—21 

—31 

■ — 39 

+ 0 

— 4 

—12 

—21 

— 9 

—15 

—22 

—34 

— 7 

—12 

—25 

—41 

—14 

—32 

—10 

—18 

+20 

+38 

+29 

+50 

•+ 0 

— 0, +10 

— 5 

-8, +2 

+39 

+52 

± o 

—8, +14 


Effect of Hypo ventilation Before and Dunng Continuous Infusion 
of Lactic Acid (table 9) — These experiments were particulaily diffi- 
cult to do because of the lnegularities in blood pressure caused by 
curare, which had to be used for maintaining a regular artificial respi- 
ration Suitable constant conditions for penods of from eight to ten 
minutes as needed for this kind of experiment were only rarely available 
Artificial hyperventilation was done in a very moderate degree for 





744 


ARCHIVES OF INTERNAL MEDICINE 


excluding mechanical factors as far as possible At each change of 
respiration rate the air pump had to be stopped for a few seconds, 
which usually caused a short-lasting slight asphyctic rise in blood pres- 
sure, but did not otherwise influence the conditions The figures m 





During continuous mfw-sion. a p 
fact ctciot 5 /4 ( 0 •f.ff oc j'jei’ mmid’e) 

Fig 8 (experiment 39) — Effect of carbon dioxide increased through the infu- 
sion of lactic acid 

table 9 aie averages of blood pressure values measured on the diagrams 
at intervals of from twenty-five to thirty seconds When definite 
waves in blood pressuie occurred (experiment 40), only the tops of 
the waves were taken into consideration 
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The hyperventilation caused a slight fall in blood pressure with 
the exception of one animal, in which it produced a marked rise 
During the infusion of lactic acid, the falls of blood pressure weie 
markedly increased , the rises were abolished 

Table 10 — Stimulation of the Ciuial Nerve Without and With Want of Oxygen * 




Gas Mixture Inhaled 



Blood Pressure 

A 




4 



— \ 





> 



Period 

Oxy- 

Nitro 


Duration 


During and 

Aver 



of Ex- 

gen, 

gen. 

Dura 

of 

Before After 


age 

Comparison of 

Experi 

peri 

per 

per 

tion 

Stimulus, 

Stim 

Stim 

In 

In 

Average 

ment 

ment 

Cent 

Cent 

Seconds 

Seconds 

ulus 

ulus 

crease 

crease 

Results 

46 

a 


Air 


5 

40 

44 

s 

4 

b= a+3 






5 

40 

44 

l 




b 

6 

04 

60 

5 

45 

54 

9 

7 







5 

43 

48 

5 



47 

a 


Air 


6 

10S 

no 

o 

2 

b = a+8 


b 

6 

94 

35 

5 

120 

130 

10 

10 


4S 

a 


Air 


5 

124 

170 

46 

46 

b= a+26 






5 

116 

161 

45 




b 

10 

90 

20 

5 

130 

213 

83 

72 







5 

152 

214 

62 




* The single stimuli were done at intervals of sixty seconds 


Table 11 — Stimulation of the Ciural Nerve Without and With Infusion of 

Lactic Acid 


Lactic Acid Blood Pressure 

Tnfnsprt , — * 



Period 

Infused r 


'A- 


N 



of 

, * , Duration 


During 





Ex: 

Concen Volume, of 

Before 

and After 



Comparison 

Experi 

peri 

tration, Oc per Stimulus, 

Stim 

Stim 


Average 

of Average 

ment 

ment 

per Cent Minute Seconds 

ulus 

ulus 

Increase 

Increase 

Results 

49 

a 

10 

106 

113 

7 

7 

b = a+6 



10 

107 

112 

5 





10 

107 

116 

9 




b 

n/20 1 10 

100 

115 

15 

13 




10 

99 

no 

11 





10 

98 

in 

13 



50 

a 

5 

120 

191 

71 

71 

b = a+19 


b 

n/20 1 5 

110 

206 

90 

90 


51 

a 

5 

110 

151 

41 

25 

b = a+37 



5 

104 

122 

18 





5 

98 

114 

16 




b 

n/20 1 5 

123 

203 

SO 

62 




5 

115 

176 

61 





5 

116 

178 

62 





5 

109 

105 

56 





5 

125 

176 

51 




Sensitive Stimuli and Want of Oxygen (table 10) — The effect of 
peripheral sensitive stimuli on blood pressuie is increased by a shortage 
of ox)- gen in the inhaled gas mixture 

Sensitive Stimuli and Infusion of Lactic Acid (table 11) — The 
increasing effect of peripheial stimuli on blood pressure is intensified 
during perfusion of the brain with lactic acid In experiment 51, the 
evident parallelism of responses in blood pressure and respiration 
proies the central neivous charactei of the vasomotor response 




Fig 11 (experiment 51) — Effect of stimulation of the crural nerve increased 
by the infusion of lactic acid 
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Epinephrine and Want of Oiygen (table 12) — Want of oxygen 
was produced by complete shutting off of the respiratory air supply, 
which gives, of course, a combined effect of want of oxygen and accumu- 
lation of carbon dioxide, 01 bj the administration of an oxygen-nitro- 
gen mixture with a low oxygen concenti ation 

Table 12 — Effect of Epinephrine Normally and During Want of Oxygen 


Gas Mixture Inhaled 



Period 


Epinephrine , 



X 

B1 

ood Press 

are 



of 


Injected 

0\v 

Nitro 

r 

A 

\ 


Ex 

Px 

. . 

— > 

gen 

, gen, 


Maxi 



peri 

peri 

Amount, 

per 

per 


mum 

Devia 

Comparison 

ment 

ment 

Mg 

Place 

Cent Cent 

Initial Attained 

tion 

of Eesults 

52 

a 

0 012 

Eight carotid 


Air 

60 

116 

+56 



b 



0 

0 

66 

172 


b = a— 78 



0 012 

Eight carotid 

0 

0 

172 

130 

—22 


53 

a 

0 015 

Eight carotid 


Air 

60 

94 

+34 



b 



0 

0 

60 

144 


b == a — 62 



0 015 

Eight carotid 

0 

0 

144 

116 

—28 


54 

a 

0 006 

Pemoral vein 


Air 

10S 

164 

+56 



b 



10 

90 

60 

150 


b = a— 72 



0 006 

Femoral a cm 

10 

00 

150 

134 

—16 


55 

a 

0 006 

lemoial lein 


Air 

116 

146 

+30 



b 



5 

95 

00 

136 


b = a— 3S 



0 006 

Pemoral vein 

5 

95 

134 

126 

— S 


56 

a 

0 012 

Femora 1 vein 


Air 

90 

114 

+54 



b 



5 

95 

00 

12S 


b = a— 2S 



0 012 

Femoral a cm 

5 

95 

12S 

154 

-r2G 




‘'%\w 




^vATervCil\n ( 0 01 

into jcmorpl vcm. 


/%yu b 

-W Kv X 


X 


A p (9o) | 

dr 

A Adrenalin (0OT2mj) A 
I Lnto femoral Vein I * 


H f° 2 ^ 


HM "i * " 

| I 1 I ' 1 11 11 


1 1 1 > i i i i i i i i i i i i i i i i i , -r ti ii i i i t i i i i i i i i i i i ft i i i i i ' i i i n i i H t 

Fig 12 (experiment 56) — Effect of epinephrine altered by the want of oxygen 


In four of five expenments, the increasing effect of epinephrine on 
the blood pressure was mveited into a fall during want of oxygen, 
m one expenment (56), it was diminished by 50 per cent 

Epinephrine and Infusion of Lactic Acid (table 13) — In contrast 
to the conditions during the shortage of oxygen, the effect of epinephrine 
on the blood pressure is only insignificantly altered during perfusion 
of the brain with lactic acid 
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Table 13 — Effect of Epinephrine Noimally and Dm mg Infusion of Lactic Acid 


Blood Pressure 


f 

Period 


A 


Epinephrine r 


A 

N 



of 

Ooncen 




Injected 


Maxi- 


Com 

1 Ex- 

Ex- 

tration. Volume, 

Dura 

r 

* v 


mum 


parison 

1 -nnrf 

■np.rl 

per 

Cc per 

tion, 

Amount, 



At 

Devi a 

of 

i meat ment 

Cent 

Minute 

Min 

Mg 

Place 

Initial 

tamed 

tion 

Results 

j 57 

a 




0 006 

Femoral vein 

112 

132 

+20 


( 

b 

75 

0 07 

30 

0 006 

Femoral vein 

14S 

170 

+22 

b = a +2 

58 

a 




0 012 

Femoral vein 

114 

164 

+50 


} 

b 

75 

0 07 

20 

0 012 

Femoral vein 

140 

1S5 

+45 

b = a— 5 

f 59 

a 




0 012 

Femoral vein 

102 

160 

+58 



b 

50 

015 

5 

0 012 

Femoral vein 

13S 

180 

+42 

b ~ a — It 

60 

a 




0 012 

Femoral i ein 

130 

1 S 2 

+52 



b 

75 

015 

10 

0 012 

Femoral \ein 

101 

214 

+ 50 

II 

P 

! 

K> 




JWMAA 




m vein. 


A A 

Air 012 wp into 

iftT rrrt t m mm i rrrm 


Infusion. of lact acid (5> ( 01 forj^wito w, 


A 


cafotu 


Avir (O 0 ( 2 mj) unto je w. v«.<.a 

Tm- m t r t t r t r t t-r t-t-m rt 


Fig 13 (experiment 60) — Effect ot epinephrine unaltered by the infusion of 
lactic acid 


COMMENT 

The experiments descubed show a striking accoi dance of charactei- 
lstic symptoms in clinical essential hypei tension and m the experimental 
conditions that were intended to imitate the assumed pathogenic causes 
of essential hypertension, namel), need of oxygen and the presence of 
an increased amount of lactic acid within the cerebral vasomotor center 
region In my experiments theie was used a cutting down of the oxygen 
supply to the whole body Hence also the peripheral circulatory appa- 
ratus was exposed to this abnormal condition at the same time It has 
been stated by vanous authors (Mathison, 20 Romanese, 67 McGinty 
and Gesell, 26 Gollwitzer-Meier 08 and otheis) that general anoxemia 
m consequence of the diminished inhalation of oxygen leads to an 
increase of the artenal blood pressure Gollwitzer-Meier, 08 who used 
for her experiments concentrations of oxygen within about the same 
range as I (from 14 to 6 per cent), observed a slight increase of the 


67 Romanese, R Boll d Soc ital di biol sper 2 887, 1928 

68 Gollwitzer-Meier, K Arch f d ges Physiol 220 434, 1928 
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time volume of the heart, to which she attnbuted, however, less impor- 
tance for this increase of blood pressuie than to an irritation of the 
vasomotor centers, an opinion which has also been expressed by Mathi- 
son, 20 A Loewy 13 and others Dale and Richards 69 have given evidence 
for it by tying up both carotids and one veitebral artery, Gurdjian 22 
demonstrated it by the effect of the local application of sodium cyanide 
on the brain stem m the vasomotor region, which prevents oxidation 
and causes a strong rise of blood pressure The action of shortage of 
oxygen on the tonus of the vasomotor centers seems, however, not 
to be direct but due to the formation and accumulation of acid sub- 
stances, especially of lactic acid as has been shown similarly for the 
lespiratory center by Haldane and his collaborators, 50 Wmterstem 70 
and Gesell 33 Besides, thei e occurs during general anoxemia, of course, 
a formation of lactic acid m the other parts of the body (Araki 71 
Ryffel 72 and others) which will reach the biam by the blood stream 
With regard to the pi evading central effect of anoxemia on blood pres- 
sure, it is justifiable to consider the effect on the blood pressure of 
breathing low concentrations of oxygen as practically analogous to that 
of a diminished local oxygen supply to the vasomotor centers 

The injection of acids into the central stump of the right carotid 
arteiy, as done by Mathison 20 and Gollwitzer-Meier, 34 is a suitable 
way to let these substances act on the brain tissue, although they are, 
of couise, also distributed to a certain extent in the peripheral vascular 
system The latter fact, however, is not of great practical importance 
It is true that acids exert a certain dilating action on the peripheral 
vessels (Fleisch 73 and others), but at the same time their stimulating 
influence on the vasoconstnctoiy centers is so strong that it overcomes 
the dilatation entirely and leads to a considerable rise of blood pressure 
(Cobet, 14 Ganter 74 ) Thus the results of my experiments with injection 
into the carotid artery are to be considered as essentially due to per- 
fusion of the bram stem 

A long-lasting shoitage of oxygen m the inhaled an is not 
apt to produce an equally long-lasting rise in blood pressure, because 
of the weakening of the heart, while it is possible to maintain the blood 
pressure on an abnormally high level dui mg hours by prolonged infusion 
of lactic acid (experiments 30 to 35) 

69 Dale, H H , and Richards, AN J Physiol 63 201, 1927 

70 Wmterstem, m Bethe, A , von Bergmann, G , Embden, G , and Ellinger, 
A. Handbuch der normalen und pathologischen Physiologie, Berlin, Julius 
Springer, 1929, vol 9, p 515 

71 Araki Ztschr f physiol Chem 15 335 and 546, 1891 , 19 422, 1894 

72 Ryffel J Physiol , vol 39, Proc Physiol Soc , p xxix, 1909-1910 

73 Fleisch Arch f d ges Physiol 171 86, 1918 

74 Ganter, G Arch f evper Path u Pharmakol 138 276, 1928 
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The purpose of my experiments, however, was not to state the mere 
stimulating action of the need of oxygen and of lactic acid, which is 
well enough known, but to investigate the influence of these factors 
on the irritability of the vasomotor centers The latter could be shown 
to be markedly increased as far as the reaction to increased carbon 
dioxide in the blood (inhalation of carbon dioxide), to decreased carbon 
dioxide in the blood (hyperventilation) and to peripheral sensitive 
stimuli (from the crural nerve) is concerned 

The experiments with inhalation of carbon dioxide (experiments 
1 to 15, 19 to 23, 36 to 39) showed a considerably stronger rise of blood 
pressure if combined with a diminished supply of oxygen or with the 
infusion of lactic acid (the latter both m short and in prolonged 
periods), or with the injection of lactic acid into the suboccipital cavity 
The rise m blood pressure not only consisted m a mere summation of the 
effect of anoxemia oz lactic acid on one side and the effect of carbon 
dioxide on the other, biuNh was almost without exception greater than the 
mathematical sum of bonk The figures found, of course, cannot be 
considered as an absolute quantitative expression of the dynamic pro- 
cesses m the vascular system, but the fact of a mutual increase of 
efficiency is evident, especially m such experiments m which one or 
both factors (oxygen need and lactic acid, respectively), alone did not 
or almost did not laise the blood pressure but still gave a stronger 
rise with carbon dioxide than carbon dioxide alone (experiments 
4, 10, 12 and 37) This is also the case m the experiments with the 
injection of lactic acid into the cerebrospinal cavity, which itself pro- 
duced a rise of blood pressure lasting only a short time, with an early 
return to or even below the normal level, while it caused a markedly 
increased effect of the inhalation of carbon dioxide within twenty 
minutes (experiments 20 to 23) Hence the presence of lactic acid m the 
center region can be sufficient to intensify the effect of the stimulus of 
carbon dioxide even if it is too weak to produce any direct effect by 
itself The increasing influence of lactic acid on the effect of carbon 
dioxide was missed only m a state of exceedingly strong excitation of 
the centers by the infusion of lactic acid and on a very high level of 
blood pressure (experiment 36) 

A few experiments have also been made with acetic acid It acts 
m the same way as lactic acid as far as the intensification of the effect 
of carbon dioxide is concerned, although its own effect on the blood 
pressure m the concentrations used was rather a slightly depressant one 
(experiments 16 and 18) The effects of alkali (sodium carbonate) 
were irregular (experiments 24 to 29) Gesell 33 and Gollwitzer-Meier 34 
found a decreasing influence of sodium carbonate injected intravenously 
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on both blood pressure and lespiration This is not legulaily the case 
with injections into the carotid, on the conti aiy a consideiable rise of 
blood pressure was sometimes noticed ( — |— 25 and -j-51 mm , experi- 
ments 28 and 29) The influence of sodium carbonate on the effects of 
carbon dioxide was not unifoim, and vaned within a wide range between 
strong increases and decreases A possible explanation foi this behavior 
might be seen m the statement of Jacobs 75 that even alkaline substances 
can lead to an acid reaction in the intei 101 of the cells which they 
surround For instance, bicaibonate buffei mixtures let the bicarbonate 
radical pass thiough the cell membiane, and as a matter of fact Gesell 33 
found that the intravenous injection of sodium bicarbonate, although 
itself alkaline, increases the hydiogen ion concentration of the cerebro- 
spinal fluid and acts like an acid on the lespiratoi) centei Gollwitzei- 
Meier 34 observed the same concerning the effect of bicarbonate on 
the blood pressure One can assume, thereiore, that a combination of 
sodium carbonate with buffers of the blood, with the normal amount 
of carbon dioxide present, and especially with increased amounts of car- 
bon dioxide during the inhalation of carbon dioxide, might form sodium 
bicarbonate and so lead to the paiadoxical acid-like effect in vary- 
ing degrees which probably mainly depend on the mutual lelations m 
concentration (Na 2 C0 3 + C0 2 + H 2 0 =2NaHC0 3 ) 

Hyperventilation causes a loss of carbon dioxide and usually a moie 
or less marked fall of blood pressure, which has been attributed paitly 
to mechanical changes m the cuculation (Vincent and Cameron, 70 
Janeway and Ewing, 77 Hill and Flack, 78 Vincent and Thompson, 79 
Rappaport 31 ) and partly to the diminished stimulus of caibon dioxide 
on the vasomotoi centers (Henderson, 80 Dale and Evans, S1 Hill and 
Flacky 8 Vincent and Thompson 70 ) Dale and Erans 81 in accordance 
with Henderson’s conception, considered the content of the blood m 
undissociated carbon dioxide as essentially important for the tone of 
the vasomotor centers Stross 82 did not find, howevei , a moderate loss 
of carbon dioxide of considerable influence on the blood pressure In 
my r experiments (40 to 45) which have been done m curanzed decere- 
brate animals wuth artificial respiration, the artificial increase of respi- 
ration amounted only to from 26 to 68 pei cent With the exception 

75 Jacobs, M H Am J Physiol 58 457 1920-1921 

76 Vincent and Cameron Quart J Exper Plnsiol 9 64, 1915 

77 Janeway and Ewmg Am J Surg 59 160 1914 

78 Hill and Flack T Physiol 40 354, 1910 

79 Vincent, S , and Thompson, J H J Physiol 66 307 1928 

80 Henderson, Y Am J Phrsiol 21 126, 1908 

81 Dale, H H, and E\ans, CL J Physiol 56 125 1922 

82 Stross, W Arch f exper Path u Pharmakol 131 18 1928 



RAAB— CENTRAL VASOMOTOR IRRITABILITY 


753 


of one animal in which each penod of hyperventilation produced a 
considerable rise of blood piessure foi unknown reasons, there was 
a slight drop of blood pressure during increased respiration During 
the infuson of lactic acid into the right carotid artery, this hypei ven- 
tilatory fall was maikedly deepei, and the exceptional rises of blood 
pressure (in the animal mentioned) were checked if hyperventilation 
was done during the infusion of lactic acid Hence the latter causes, 
both absolutely and relatively, a stronger decreasing effect of hyper- 
ventilation on the blood pressure than it appears to do under noimal 
conditions 

In summarizing all the expenments discussed, one can conclude 
that the sensitivity of the vasomotoi centers to changes in the carbon 
dioxide content of the blood (both to mciease and to decrease of car- 
bon dioxide) is considerably strengthened by the piesence of lactic 
acid m the region of the vasomotoi center and as a consequence of local 
want of oxygen 

This increased sensitivity, however, is not only evidenced m chemi- 
cally stimulating tests as caibon dioxide but also m purely nervous 
stimuli from the periphery Faiadic stimulations of the crural nerve 
(cential stump) caused consideiably highei uses in blood pressure 
when they were combined with inhalation of a low peicentage of 
oxygen or with infusion of lactic acid (expenments 46 to 51) 

Expenments that were done foi comparing the action of epmephnne 
on the blood pressuie under normal conditions and under the influence 
of lactic acid and want of oxygen showed that the ordinary rising effect 
was inverted or at least considerably weakened during the shortage of 
oxygen, while it was veiy little alteied during artificial hypertension 
produced through the infusion of lactic acid To understand this peculiar 
behavior one has to considei the action of epmephnne on the circu- 
lation of the bram The hteratuie on this topic is fairly contradictory 
Some authois claim an almost complete lack of mneivation of the vessels 
of the bram and a passive dilatation of these vessels as a consequence 
of a rise m the systemic blood piessuie through epmephnne (Schnei- 
dei 83 and otheis) In lecent work Forbes and Wolff 81 showed, however, 
that this is not entirely true, at least as fai as the vessels on the surface 
of the bram are concerned These vessels contract under the direct 

local influence of epinephrine, while they become dilated if their com- 

83 Schneider, E C Am J Physiol 84 202, 1928 

84 Forbes, H S , and Wolff, H G Cerebral Circulation III The Vaso- 

motor Control of Cerebral Vessels, Arch Neurol & Psychiat 19 1057 (June) 
1928 
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paratively weak contracting power is overcome by a stronger rise m 
systemic pressure Dale and Richards 00 stated that doses of epinephnne 
that increase the blood pressure under normal conditions produce a fall 
of pressure if the blood supply to the brain is cut down by tying up 
the carotids and one vertebral artery and if the vasomotor centers are 
thus irritated They attributed this phenomenon to an improvement 
of the poor circulation m the brain through the action of epinephrine 
The results of my experiments can hardly be moie easily explained than 
by the same assumption of an increased flow of blood through the brain 
— at least through the brain stem — under the influence of epinephrine 

( a ) The diminution of oxygen in the inspiratory air leads to the 
accumulation of lactic acid in the centers and increased blood pressure 
If epinephrine increases the circulation through the centers, the lactic 
acid will be removed, and the blood pressure will fall toward the normal 

( b ) If lactic acid is perfused through the legion of the vasomotor 
center by adding it to the arterial blood, and if the blood pressure is 
thus increased, an increased perfusion of the brain will, of course, not 
dimmish the lactic acid within the center region, no consideiable altera- 
tion of the pressure-raising effect of epinephrine will take place 

COMPARISON WITH CLINICAL CONDITIONS 

As mentioned, the mam purpose of my experiments has been the 
experimental imitation of characteristic symptoms of clinical hyper- 
tension These characteristic clinical symptoms are as follows (1) ele- 
vated blood pressure, (2) hypersensitivity of the vasomotor centers to 
changes m the carbon dioxide content of the blood by the inhalation or 
exhalation of carbon dioxide, (3) hypersensitivity of the centers to 
peripheral nervous stimuli and (4) reversion or weakening of the effect 
of epinephrine on the blood pressure 

There was, of course, no possibility of producing an elevation of 
blood pressure for a period to be compared with the clinical hypertension 
that is often maintained during years Still the fact that a considerable 
increase of blood pressure could be produced for as long as two hours 
by prolonged infusion of lactic acid proves that a chemical stimulus of 
this kind does not cause only short-lasting effects with rapidly following 
fatigue of the stimulated centers The assumption of a local stimulating 
chemical factor m the region of the vasomotor center of hypertonic 
persons, therefore, seems to be justified from the beginning 

The hypersensitivity to the inhalation of carbon dioxide that could 
be clearly demonstiated in the experiments under the conditions which 
cause the presence of abnormal amounts of lactic acid m the vasomotor 
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It is probable also that the increased response of blood pressure to 
psychic emotions m hypertonic patients might occur on the same basis — 
reflex transmission of central nervous excitements to the hypersensitive 
vasomotor centers 

The peculiarities of the effect of epmephnne on hypertonic persons 
and its frequent weakness or paradoxic inversion can possibly be 
explained as due to a lemoval of accumulated lactic acid from the 
vasomotor center through the improvement of the blood flow through 
this region under the influence of epinephrine This explanation would 
not be incompatible with Kylm’s 61 conception of a general change m 
the tonus of the vasomotor nervous system as the basis of the paradoxic 
effect of epinephrine on hypertonic persons 

My experimental results show that the vasomotor center reacts m 
about the same way that Haldane , 60 Wmterstem , 70 Gesell , 33 Straub 36 
and others have shown that the respiratory center does The clinical 
syndrome of “cerebral dyspnea” has been described by Straub 30 and 
von Romberg 37 It has been conceived as due to local disturbances of the 
circulation of the respuatory center Von Romberg emphasized the 
frequency of this feature in cases of hypertension, which appears natural 
if one assumes the same pathogenic factois to be responsible also for the 
development of hypertension, as is suggested by my experiments It 
is rather surprising that the parallelism of hypertension and “cerebral 
dyspnea” is not more regular A satisfactory explanation for this dis- 
crepancy, which as a matter of fact is almost more frequently observed 
than the simultaneous occurrence of both features, cannot be given at 
present There are, however, possible explanations, as, for instance, a 
(although improbable) local separation of the vasomotor centers and the 
respiratory centers which would be considerable enough to allow the 
development of vascular troubles m only one of them, the other remain- 
ing unaffected, or a generally lower irritability of the respiratory center, 
which is suggested by some of my experiments m which the effects on 
blood pressure appear markedly stronger than those on respiration 

A summary of the conception of the origin of hypertension as it 
is suggested by my experiments could be foimulated as follows A 
primary disturbance of the blood flow through the region of the vaso- 
motor center (or temporal fly by vessel spasms or continuously by 
sclerotic alterations of the vessels of this region) leads to a diminished 
supply of oxygen and the subsequent formation and accumulation of 
abnormal amounts of lactic acid within the nerve cells of the centers In 
the first stages the presence of lactic acid produces only an increased 
irritability of the centers — the pressuie is not yet constantly high, but 
rises abnormally easily and strongly Little by little the alteration of 
the center vessels and consequently the accumulation of lactic acid 
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develop enough to produce a constant irritation of the centers The 
pressure level rises At the same time the hyperirritabihty persists, 
and all kinds of stimuli — sensitive sensations, psychic emotions, muscular 
activity and even the noimal caibon dioxide content of the blood — con- 
tnbute to the mciease of blood pressure and its lability If a certain 
upper limit is attained, the hyperirritabihty can become less marked 
again because of the prevailing effect of the strong irritation through 
lactic acid m comparison to which the other stimuli lose in efficiency — 
“fixed hypertension” Factors that temporarily impiove the blood flow 
through the centers might cause a fall in blood pressure (for instance, 
epinephrine or, as I have found m the majority of hypertonic persons, 
diathermy of the biam stem) 

The question of the causal connection between hypertension and 
general artenosclei osis cannot be discussed here It may be mentioned 
that in some cases there could be a pnmary localized sclerosis within the 
brain stem (isolated arterioscleiosis of the bram is not a rare occurrence) 
with subsequent hypertension that would lead to a more generalized arte- 
riosclerosis, kidney conditions, etc , and as a vicious circle to further 
deterioration in the region of the vasomotor centers The essential pri- 
mary factors of the whole process, however, are unknown Kylm’s 61 
investigations concerning the ion balance and its influence on the vegeta- 
tive neivous system seem to show a promising way of discovering the 
origin of pathologic conditions of the vessels of the nerves On the other 
hand, the anatomic observations of Bordley and Baker 17 and others con- 
cerning sclerosis of the vessels of the vasomotor centers in hypertension 
and the large amounts of lactic acid found m bram tissue after shortage 
of oxygen by McGmty and Gesell, 26 Haldi, Ward and Woo 28 and 
Cobet 27 can be considered as a basis for the validity of the conception 
mentioned o 


SUMMARY 

In decerebrate cats with the vagi cut, the following experimental 
results were obtained 

1 There was a strong increase of the arterial blood pressure for a 
period up to two hours by the continuous perfusion of the bram stem 
with blood containing abnormally high amounts of lactic acid 

2 Hyperirritabihty of the vasomotor centers resulted under the 
influence of a shortage of oxygen or perfusion with lactic acid, or 
with the injection of lactic acid into the suboccipital cavity The inhala- 
tion of carbon dioxide causes a considerably greater use and the hyper- 
ventilation (loss of carbon dioxide) a greater fall m blood pressure 
under these conditions than occur under normal conditions 
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3 Sensitive stimuli cause higher rises of blood pressure during the 
conditions mentioned than they do normally 

4 The effect of epinephrine is considerably weakened and inverted 
during the lack of oxygen , it is scarcely altered during perfusion with 
lactic acid 

5 Acetic acid increases the irritability of the vasomotor center in 
the same way as lactic acid, alkali (sodium carbonate) gives irregular 
effects 

6 These expel imental results correspond to the following character- 
istic features of essential hypertension (1) high blood pressure, (2) 
hypersensitivity to the inhalation of carbon dioxide (abnormal increase 
of blood pressure) and to hyperventilation (abnormal fall of blood pres- 
sure) , (3) hypersensitivity to peripheral sensitive stimuli and (4) weak- 
ened or inverted effect of epinephrine 

7 The conclusion was reached that the symptoms of “essential” 
(not nephritic) hypertension can be considered due to the local need of 
oxygen and the accumulation of lactic acid within the vasomotor centers 
of the brain stem as a consequence of local circulatory disturbances 
(spasms, sclerosis) The actual level of the blood pressuie m hyper- 
tension would accordingly be composed of the sum of the stimulus 
through lactic acid plus the pathologically increased responses to the 
stimulus of the normal carbon dioxide tension of the blood and of 
different kinds of sensitive and emotional stimuli 
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found in the gioup with coupling of equal duration In fact, the largest 
difference m readings observed in the entire series, 0 8 unit, occuired 
in the group with equitemporal coupling (specimen 20) 

An analysis of our figures (table 3) shows exact agreement in 70 
per cent of our specimens In the 30 per cent in which the readings 
did not agree, an approximately equal number of specimens showed 

Table 2 — Simultaneous Determinations of the Bihmbin of One Hundred Unse- 
lected and Consecutive Set urns and Plasmas 



Plasma 

Serum 

Specimen 

Reading, 

Reading, 

Number 

Units 

Units 

1 

03 

03 

2 

02 

02 

3 

06 

06 

4 

0 4 

0 4 

5 

0 5 

0 4 

6 

No reaction 

No reaction 

7 

62 

6 2 

S 

49 

5 0 

9 

1 3 

12 

10 

10 

1 1 

11 

4 0 

10 

12 

03 

03 

13 

04 

03 

14 

5 5 

56 

11 

75 

75 

1G 

83 

S 2 

17 

10 0 

10 4 

IS 

24 

24 

19 

06 

06 

20 

16 0 

16 S 

21 

70 

6 S 

22 

03 

03 

23 

03 

02 

24 

03 

0 2 

25 

02 

02 

26 

0 5 

0 5 

27 

No reaction 

No reaction 

28 

No reaction 

No reaction 

29 

06 

06 

30 

0 4 

0 5 

31 

02 

02 

32 

01 

0 1 

33 

0 2 

02 

34 

1 1 

1 1 

35 

No reaction 

No reaction 

36 

1 4 

1 5 

37 

62 

62 

33 

No reaction 

No reaction 

39 

1 1 

1 1 

40 

27 

2 5 

41 

10 

1 0 

42 

10 0 

10 0 

43 

No reaction 

No reaction 

44 

2 5 

2 4 

45 

02 

0 1 

46 

02 

02 

47 

0 1 

0 1 

43 

OS 

1 0 

49 

0 4 

0 4 

50 

05 

0 5 



Plasma 

Serum 

Specimen 

Reading, 

Reading, 

Number 

Units 

Units 

51 

02 

02 

52 

No reaction 

No reactii 

53 

12 

1 2 

54 

31 

32 

55 

02 

02 

56 

1 1 

1 0 

57 

03 

03 

58 

02 

02 

59 

1 8 

20 

60 

0 5 

05 

61 

1 5 

1 5 

62 

01 

02 

63 

02 

02 

64 

02 

02 

65 

01 

01 

66 

01 

01 

67 

53 

52 

6S 

12 0 

118 

69 

0 5 

Of 

70 

02 

02 

71 

20 

21 

72 

02 

02 

73 

06 

06 

74 

08 

08 

75 

09 

08 

76 

28 

29 

77 

0 3 

03 

78 

1 4 

1 3 

79 

02 

02 

SO 

01 

0 1 

SI 

0 3 

03 

82 

04 

03 

S3 

03 

03 

84 

0 5 

05 

85 

04 

04 

86 

02 

02 

37 

06 

06 

88 

6 2 

6 2 

89 

04 

03 

90 

5 0 

5 1 

91 

03 

04 

92 

02 

02 

93 

05 

05 

94 

03 

03 

95 

41 

4 1 

06 

9 5 

9 5 

97 

16 0 

16 0 

9S 

03 

03 

99 

62 

62 

100 

01 

01 


higher readings foi the serum (in 16 per cent) and higher readings foi 
the plasma (in 14 per cent) , a division further borne out when the read- 
ings were grouped according to their magnitude Thus m the group 
of readings between 0 6 and 1 unit, 66 per cent agreed exactly 
(eight of twelve leadings) , of the remaining 33 per cent (four of 
twelve), the reading foi the serum ivas greater than that for the plasma 
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figures on which the opinion was based while the dissenting opinion was 
based on so few determinations, we decided to reinvestigate the subject 
If plasma could be substituted for serum, it would mean a considerable 
saving of time for the laboiatory, the performance of the reaction 
would be facilitated as it could then be carried out with oxalated blood 
taken m the course of routine chemical examinations, and additional 
inconvenience to the patients incident to an added venipuncture would 
be avoided To this end, we performed simultaneous determinations 
quantitatively on 100 consecutive and unselected serums and plasmas 
from cases in the hospital and from the dispensary The Thannhauser 
and Andersen modification was used in all instances, since with that 


Table 1 — Differences Between Simultaneous Readings foi the Sei urn and the 
Plasma Calculated fiom Table 3 of Shay and Schloss 



van den Bergh 

Thannhauser and Andersen 


Technic 

Technic 

Readings agreeing 

4 

0 

Readings disagreeing 

7 

11 

Serum readings greater (units) 

6 

s 

01 

1 

0 

02 

0 

1 

0-1 

0 

1 

1 2 

1 

0 

13 

? 

0 

1 4 

0 

1 

1 7 

0 

1 

30 

0 

1 

•11 

1 

0 

42 

1 

0 

43 

1 

0 

54 

0 

1 

74 

0 

1 

75 

0 

1 

Plasma readings greater (units) 

1 

2 

01 

1 

0 

02 

0 

1 

04 

0 

1 


method all the azobiluubin could be retained for estimation in the supei- 
natant fluid, and because the discrepancies noted by Shay and Schloss 
were both more frequent and of greater magnitude Mullei’s cobalt 
sulphate standard 5 was used throughout 

Table 2 shows a remaikable agreement of the leadings for both the 
serum and the plasma In each of the first fifty determinations, coupling 
was allowed to take place for one-half hour before the proteins were 
precipitated In the latter half of the senes (specimens 50 to 75) 
coupling of the diazo reagent and serum was allowed foi sixty minutes, 
and of reagent and plasma for thirty minutes , while m specimens 76 
to 100, coupling of the plasma and reagent was allowed for sixty 
minutes and of the serum and the reagent for thirty minutes In 
neither of these groups could we detect any differences m readings not 

5 Quoted from Hawk and Bergeim Practical Physiological Chemistry, ed 
9, Philadelphia, P Blahiston’s Son & Company, 1926 , footnote, p 396 



JACOBI ET AL— SERUM AND PLASMA BILIRUBIN 761 


found in the gioup with coupling of equal duration In fact, the largest 
difference m readings obseived in the entire series, OS unit, occurred 
in the group with equitemporal coupling (specimen 20) 

An analysis of our figures (table 3) shows exact agreement in 70 
per cent of our specimens In the 30 per cent m which the readings 
did not agree, an appi oximately equal number of specimens showed 

Table 2 — Simultaneous Determinations of the Biluubin of One Hundred Unse- 
lected and Consecutive Se> urns and Plasmas 



Plasma 

Serum 

Specimen 

Reading, 

Reading, 

Number 

Units 

Units 

1 

03 

03 

o 

02 

02 

3 

06 

06 

4 

0 1 

0 4 

5 

05 

04 

6 

No reaction 

No reaction 

7 

6 2 

62 

S 

49 

5 0 

9 

13 

1 2 

10 

10 

1 1 

11 

1 0 

1 0 

12 

03 

03 

13 

04 

03 

14 

5 5 

56 

13 

75 

75 

16 

83 

8 2 

17 

10 0 

10 4 

IS 

24 

24 

19 

06 

06 

20 

16 0 

16 S 

21 

70 

6 S 

22 

03 

03 

23 

03 

0 2 

24 

03 

0 2 

25 

02 

02 

2G 

0 5 

0 5 

27 

No reaction 

No reaction 

2S 

No reaction 

No reaction 

29 

06 

06 

30 

0 4 

05 

31 

02 

02 

32 

0 1 

0 1 

33 

0 2 

0 2 

34 

1 1 

1 1 

35 

No reaction 

No reaction 

36 

1 4 

1 5 

37 

62 

6 2 

3S 

No reaction 

No reaction 

39 

1 1 

1 1 

40 

27 

2 3 

41 

10 

1 0 

42 

10 0 

10 0 

43 

No reaction 

No reaction 

44 

2 5 

2 4 

43 

02 

08 

46 

02 

02 

47 

01 

01 

43 

OS 

1 0 

49 

0 4 

04 

50 

0 5 

03 



Plasma 

Serum 

Specimen 

Reading, 

Reading, 

Number 

Units 

Units 

51 

02 

02 

52 

No reaction 

No reaction 

53 

12 

i 2 

54 

31 

32 

55 

02 

02 

56 

1 1 

1 0 

57 

03 

03 

58 

02 

02 

59 

1 S 

20 

60 

0 5 

0 5 

61 

1 5 

1 5 

62 

01 

02 

63 

02 

02 

64 

02 

02 

65 

01 

01 

66 

01 

01 

67 

53 

52 

6S 

12 0 

118 

69 

0 5 

0 5 

70 

02 

02 

71 

20 

21 

72 

02 

02 

73 

06 

06 

74 

OS 

08 

75 

09 

OS 

76 

2 S 

29 

77 

03 

03 

78 

1 4 

1 3 

79 

02 

02 

SO 

0 1 

0 1 

SI 

03 

03 

S2 

04 

03 

S3 

03 

03 

84 

0 5 

05 

S3 

04 

04 

S6 

02 

02 

87 

06 

06 

S8 

6 2 

0 2 

S9 

0 4 

03 

90 

5 0 

51 

91 

03 

04 

02 

02 

02 

93 

0 5 

05 

94 

03 

03 

95 

4 1 

4 1 

96 

9 5 

95 

97 

16 0 

16 0 

9S 

03 

03 

99 

62 

62 

100 

01 

01 


higher readings for the seium (in 16 pei cent) and higher readings for 
the plasma (in 14 per cent), a division further borne out when the read- 
ings were grouped accoiding to their magnitude Thus in the group 
of readings between 0 6 and 1 unit, 66 per cent agreed exactly 
(eight of twelve leadings), of the lemaimng 33 per cent (four of 
twelve), the reading foi the serum was greater than that for the plasma 
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m two instances, and in two others the leading for the plasma exceeded 
that of the serum In the group of from 5 1 to 10 units, the exact 
agreement was 55 per cent (seven of thirteen) , equal numbers of those 
not agreeing were found to show greater readings foi the serum than 
for the plasma and vice versa (three in each instance) In the other 
two groups, of from 1 1 to 5 and over 10 units, exact agreement 

T\ble 3 — Agt cement and Disag> cement of the Readings foi the Serum and the 

Plasma, One Handled Cases 



All 

0 6 to 1 

1 1 to 5 

5 1 to 10 

Over 10 

Magnitude of Reading 

Readings 

Units 

Units 

Units 

Units 

Complete agreement (number) 

70 

S 

5 

7 

1 

Disagreement (number) 

SO 

4 

11 

6 

2 

Serum readings greater (in units') 

10 

o 

6 

3 

1 

01 

12 

1 

5 

2 

0 

02 

o 

1 

1 

0 

0 

04 

1 

0 

0 

1 

0 

OS 

1 

0 

0 

0 

1 

Average differences 

0175 





Plasma readings greater (in units) 

14 

2 

5 

3 

1 

01 

11 

2 

4 

2 

1 

02 

3 

0 

1 

1 

0 

A\ erage differences 

0121 






Table 4 — Simultaneous Determinations of the Bilitubm tn Quadruplicate, Five 

Cases 


Specimen 

Plasma Reading, 

Serum Reading, 


dumber 

Units 

Units 

Difference 

37 

64 

63 

01 


64 

62 

01 


62 

62 

00 


63 

62 

01 

S 

4 0 

47 

02 


4 7 

4 4 

03 


4 S 

51 

03 


4 0 

48 

02 

78 

1 4 

1 6 

02 


1 6 

10 

00 


1 5 

1 6 

01 


1 7 

1 S 

01 

71 

21 

2 2 

01 


20 

23 

03 


24 

21 

03 

4S 

2 4 

24 

00 


OS 

06 

02 


09 

09 

00 


1 1 

08 

03 


1 0 

1 0 

00 

Average differences 
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occurred in but 31 and 33 per cent, respectively, the total numbers of 
specimens are, however, too small to draw any definite conclusions from 
these numbers In each of these groups, further, a similar number 
showed a greater reading for the serum and a greater reading for the 
plasma (five and one, respectively) It is especially significant to us 
that, with but one exception (specimen 20), all readings differed by 
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no moie than 0 4 unit The largest number of differences occuned m 
the readings differing by 0 1 unit in each of the quantitatn ely sepaiated 
subgroups 

To determine the probable error of oui experiments, quadruplicate 
determinations were performed foi five seiums and plasmas taken at 
random from the specimens submitted (table 4) These determinations, 
when made with instruments (coloirmeter, standards, chemicals and 
glassware), coupling conditions and conditions of lighting identical with 
those used in the entire series, and performed by one of us (R K ), 
who perfoimed the actual tests, showed diffeiences langmg from 0 to 
0 3 unit In the entile senes the differences weie of the same order, 
fiom 01 to 0 4 unit, with but a single determination (specimen 20) 
showing a diffeience of 0 8 unit, a diffeience so much laiger than the 
others observed as to wan ant its omission from the series Even with 
this large diffeience included, the average differences in the gi eater 
readings foi the seium was 0 175 as compared with 0 121 in the greater 
readings for the plasma and 0 141 in the quadruplicate detei nunations 
If this excessively large difference is omitted, these figures become 
0 133, 0 121 and 0 141, respectively The average differences between 
the greater readings foi the seium and greater leadings for the plasma 
then become of the oider of magnitude as that in the groups for the 
quadruplicate detei nunation , and the individual differences between the 
simultaneous readings foi the bilnubin in the seium and in the plasma 
lose their apparent significance 


SUMMARY 

1 The lesults of simultaneous quantitative determinations of bih- 
iubin by the Thannhausei and Andersen modification of the van den 
Bergh technic in 100 consecutive and unselected cases are reported, and 
the lesults are analyzed as to the degree of agreement or disagreement 

2 The readings aie shown to correspond m a very high degree, and 
they indicate that plasma instead of serum may be used with equal 
accuracy in determinations of bilirubin 

3 The results confirm the statements of McNee and Keefer The> 
are directly opposed to the figuies lepoited by Shay and Schloss fiom 
eleven observations with wide disci epancies in the readings 

4 An increase in the length of time allowed for coupling up to one 
houi apparently plays no part in the slight quantitative differences 
noted 



THE FECES OF PATIENTS WITH CHRONIC 

ARTHRITIS - 

ROBERT T MONROE, M D 

AND 

FRANCIS C HALL, MD 

BOSTON 

That the gastrointestinal tiact of patients with chionic aithntis is 
abnormal m some way has long been assumed Dietary regimens of 
all sorts have been proposed to collect faulty nutrition Recent woik 
of a clinical and experimental nature by A A Fletcher m Canada, 
R McCarnson in England and R Pembeiton m the United States 
shows rather definitely that these people do best when their intake of 
vitamins is increased and their intake of carbohydrate 1 educed Fie- 
quently the colon has been accused of acting as a focus of infection, to 
eradicate which it has been cleansed by vigorous cathaisis or irrigation or 
by changing its bacterial flora, or it has been removed surgically 

If the intestinal tract is pathologic in any important degree, function- 
ally 01 anatomically, it would seem that the feces, which are the lesult 
of the processes of digestion, absorption and motility, should contain some 
evidence of that fact Strangely enough, no such data have been pre- 
sented in the literature that we have examined Acid stools are men- 
tioned by some writers as being present in arthritis Abnormal intestinal 
rates and “foul, evil-smelling feces" are also mentioned by others, 1 but 
no statistics of routine examinations on a series of patients are given 
Therefore, the piesent study was undertaken to determine whether 
oidinary clinical laboratory tests reveal any abnormality m the stools 
of arthritic patients, and, if so, whethei the abnormality be of one or 
of various types 

Oui series consisted of forty patients at the Peter Bent Brigham 
Plospital, three of whom were seen m the medical waids and the rest 
m the arthutic clinic in the outdoor department, between October, 1929, 
and June, 1930 In each case the diagnosis was established by history 
and physical examination, routine analysis of the blood and urine and 
i oentgenograms of the joints involved Fifteen cases were consideied 
to represent the so-called atrophic type of chionic arthritis, seventeen, 
the hypertrophic, and eight, a mixture of the two Treatment was car- 

> Submitted for publication, Sept 26, 1930 

< From the Medical Clinic of the Peter Bent Brigham Hospital, Boston 

1 Pemberton, R Arthritis and Rheumatoid Conditions, Philadelphia, Lea & 
Febiger, 1930 
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ried out under the direction of one of us (F C H ) It is beyond the 
scope of this paper to give the details of it, but the diet that was advised 
was always one rich in vitamins and rather low in available cai bo- 
hydrates, totalling appioximately 2,500 calories daily 

At each visit each patient was asked to bring in a glass jar the last 
stool specimen passed, and the tests were all done b> one man (R T M ) 
Some patients were more faithful than otheis m complying with this 
lequest, and some were seen oftener than otheis, so that the number 
of stools fiom each person vaned considerably Twelve patients had 
only 1 stool examined, but 142 specimens were analyzed in all The 
intei vals between collection also vaned considerably, depending on the 
need for seeing the individual patient Some cases were followed for only 
a shoit tune, and others throughout the entire penod of nine months 
Therefoie, since much time is lequired in the tieatment of this disease, 
no definite conclusions could be ai rived at as to the effect of therapy 
on the character of the feces 

The lesults aie best piesented according to the steps in a routine 
analysis of the stool — consistency, color, reaction, tests for blood and 
microscopic examination for paiasites, starch, muscle fibers and fat 

RESULTS OF EXAMINATION OT STOOLS 

Consistency — The majority of the stools (86 of 142) were mushy 
and foimless A few (5) were liquid, and the rest (51) were normally 
soft foimed, fourteen of the latter, however, showed mushy areas 
Cathartics weie a factor in only a few, since their use was denied m all 
but one case None was of the type seen m constipation 

Color — The coloi was not unusual, except that the mushy stools 
tended to be rather lighter than the rest Diet and medication (spinach, 
cairots, iron) had a gieat influence on the stools in certain cases 

Reaction — The reaction was tested by taking up a portion of the 
specimen on a throat stick and laying on it pieces of fresh red and 
blue litmus paper which had been moistened in tap water No attempt 
was made to deteimine the hydrogen ion concentration, as it appeared 
to ofter no advantage over this simple and clinically sufficient method 
The noi mal stool so tested is usually neutral or alkaline In thirty-five 
(87 5 pei cent) of these arthritic cases, there were one or more acid 
stools Of the total number of examinations, 91 (64 per cent) were 
acid, 35 (25 per cent) were neutral and 16 (11 per cent) were alkaline 

Gas — In eighteen patients, all of whom had acid stools, the formation 
of gas could be observed grossly Bubbles were visible on the sides 
of the glass container, and when the mass was stirred with a throat 
stick, a crackling noise was made Generation was so active m several 
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instances as to blow oft the cover when the catch was released Nine 
of these patients complained of rumbling and gurgling noises in the 
abdomen or of an excess of flatus 

Miscellaneous — Benzidine and gum guaiac tests of occult blood 
were negative in all except one case, that of a woman in whom the 
duodenal ulcei had bled recently Mucus was found in only a few 
specimens, and small in amount and appaiently fiesh No parasites were 
discovered Muscle fibers were well digested (rounded ends, absent 
stnations) in all except two stools, which weie liquid, piobably the 
result of catharsis No stool showed an excess of fat macroscopically 
or microscopically when stained with sudan III 

Table 1 — The Amount of Staich in the Stools of One Hundred and Foi ty-Two 
Specimens front Forty Patients with Civ ontc At tin itis as Compared with 
Ninety-Seven Specimens fiom Seventy-One Patients with Othei 

Diseases 


Amount of Starch 

Arthritic Group 

Miscellaneous Group 

None 

0 

22 

Trace 

5 

31 

4* 

25 

18 

+4- 

39 

19 

+++ 

■IS 

5 

++++ 

27 

o 

Totals 

142 

97 


Starch — The presence of an excess of staich was the most outstand- 
ing observation in these stools and deseives detailed comment The 
method of examining the feces microscopically was as follows a lepie- 
sentative bit was rubbed up in a mortar with tap watei to form a rather 
thin paste The amount of water used varied, of course, with the 
consistency of the specimen One drop of this paste was then placed 
on each of three glass slides , one was left unstained for a study of 
muscle fibeis, parasites and soaps, sudan III was added to the second 
and a diop of compound tincture of iodine solution to the third Cover 
slips were then applied to secuie a thin film and allow the highei poweis 
of the microscope to be used Starch appeals deep blue 01 black after 
the addition of iodine , erythrodextnn is red, and cellulose 1 emains gray 
or black Most of the starch in these cases was enclosed in vegetable 
cells, which have easily lecognized contours, as shown in many woiks 
on clinical pathology The lest of the staich was seen in the form of 
small, irregularly shaped masses, sometimes outlined by a trace of cellu- 
lose or else apparently fiee in the suspension The liberation of this 
starch may have been due to breakage m the mortar 

It was found to be difficult to estimate the amount of starch with 
any degree of accuracy Freshly passed stools from normal peisons 
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on unsclected diet usual!} show no iodine-staining lumps 01 onh a 
}cu m the whole eo\ ei slip aiea when a fecal suspension of umfoim 
density is made, as previous!} descubed The latter was said to lepte- 
sent a traee A lat gen amount ( + ) was roughly held to be 1 particle 
to even 5 oi 6 high povvei fields, -{- + was taken to be 1 in evei} high 
powei field, — | — j— , 2 to 5 in each field, and H — { — 1 — , many lumps 
On such a quantitative scale, none of the 142 stools fiom these 40 
patients with chronic aithritis showed starch, 5 showed a tiace, 
25, -f , 39, ++, 46, +++, and 27, + +++ If an > amount undei 
-f-f is said to be not abnoimal, 112 stools (79 per cent) still showed 
an excess of staich, which tended definitel} to deciease in all cases in 
which theie was impiovement undei treatment 

Iodmc-Staimng Organisms — These oiganisms appeal as large cocci, 
lound or oval, often in chains of foui oi six, and stain a deep blue oi 

Tadli 2 — The Relative Occuneiice of Iodine-Staining Oiganisms and Positive 
A; mentation Tests m the Stools of Potty Patients with Aithntis and 
Sucntv-Onc zuith Miscellaneous Diseases 


Yrthritie Group Miscellaneous Group 



No of 



Per 

Ler' 

No of 

- -A 

Per 

— \ 
Per 


Cases 

Cent Stools 1 

Cent 

Cases 

Cent Stools 

Cent 

Iodine staining organisms 

30 

00 03 

65 

10 

22 17 

17 5 

l trim illation tost positive 

oo 

elO 

S2 3 ST 

00 

IT 

21 10 

20 

black with iodine Then 

nature 

has not yet 

been detei mined 

Yeais 


ago Schmidt 2 called them Clostudia, but he did not identify them 
fill thei Kendall 3 associated them with the gas bacillus Little attention 
has been paid to them, yet they seem to be intimately concerned with 
the presence of staich and gas in the stools 

Iodine-staining oiganisms were seen in the stools of 90 per cent 
of the aithutic patients in this senes, only one examination was made 
in two of the other foui cases and onl) two examinations in the othei 
two Ninet)-thiee (65 per cent) of the 142 stools gave positive leac- 
tions The number of these oiganisms did not vai> in proportion to 
the amount of staich piesent Sometimes they were found in enormous 
numbeis in specimens with only a trace oi a one plus amount of staich, 
and once they weie absent when the starch was lated as four plus 
l lieu piesence pioved to be a moie lehable indication of a fermenting 

o 

condition than an excess of staich No specimen which contained starch 

2 Schmidt, A , and Strasburger, J Die Faeces des Menschen, Berlin, August 
Iln sthuald, 1903 

3 Kendall A I Intestinal Intolerance for Carboln drates, J A Af A 86 
737 (March 13) 1926 
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but not Clostndia pioduced gas, on the othei hand, the pioduction of 
gas was often most active with a little starch and many Clostndia 
Usuall), the) weie not found aftei the fei mentation test, even though 
staich lemained, and the reaction was still acid Aftei tieatment, they 
tended to disappeai much moie slowly than the excess of staich 

Fci mentation — Various methods have been demised foi measuimg 
the caibohydrate content of the feces, of which the simplest clinical 
test is that of Schmidt, 2 who used it to advantage in the diagnosis of 
fennentative dianhea This test was used m oui woik with ceitam 
modifications The patients weie not placed on the Schmidt test diet, 
instead, stools were accepted that weie the lesult of an unselected 
diet, often lich in caibohydrates, 01 of a diet low m starch, aftei tieat- 
ment was begun The appaiatus is sunilai to the Einhoin sacchaiometei, 
which is used foi the detection of dextiose in the mine, except that it 
is largei and may be made of an ordinary glass jai and test tube 
connected by glass tubing No attempt was made to measuie the total 
amount of gas (carbon dioxide) found, if gas completely displaced 
the watei in the collecting tube at the end of twenty-foui horns’ incuba- 
tion and the leaction of the feces lemained acid, the test was called 
positive Theiefoie, while the following lesults may be consideied 
as clinically infoimative, they cannot be judged according to Schmidt’s 
mles At fiist, all specimens weie given this test Latei, as those 
which contained no staich 01 Clostndia weie always found to be negative, 
they weie not tested Some specimens which gave neutial 01 even 
alkaline leactions, but which contained staich and Clostndia, gave posi- 
tive leactions and became acid after incubation One or moie feiment- 
mg stools weie found in thuty-three cases m this senes (82 5 pei cent) 
Since in the smeii negative cases only ten stools were furnished, it was 
felt that a gi eater numbei of examinations might ha\e inci eased this 
peicentage In all eighty-seven stools (60 pel cent) gave positive 
leactions The lesults did not conespond to those obtained for patients 
with any t)pe of aithntis, the atrophic and hypeitiophic foi ms being 
equally represented on both sides Theie was a definite tendency foi 
the test to become negative at a vaiymg interval aftei tieatment was 
begun E\en on dnect questioning, few of the patients complained 
of S)mptoms suggesting a feimenting condition 

The question natuially aiose whethei the same disordei occuired 
with equal fiequenc) among patients suffering fiom othei chiomc 
diseases From his expenence m the gastio-mtestmal clinic in this 
hospital the impression obtained by one of us (R T M) was that 
it w ? as to be found only in patients with true fermentative dianhea, m 
ceitam cases of migraine and laiely in a normal subject w r ho has taken 
a gieat excess of staich To obtain a moie definite answei to this 
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question, however, stools wxie collected tiom se\ent\-one patients m 
the medical w.nds, and examined as betoie Xo selection of ease's was 
made Many t\pes of disease weie lepiescnted, 10 patients had some 
1 01 m of he ait disease, 14, chiomc ncphntis, 11, peptic ulcei , 11, an 
acute infection (pneumonia, tonsihtis) , 5, pulmonai} tubciculosis , 4, 
cancel, 2, pernicious anemia, and 15, miscellaneous conditions (hjpei- 
thjioidism, ni} \edema, abscess of the lung, etc ) Diet was lcstucted 
in only a few cases It was usually an oidinai} ‘‘balanced” lation, often 
containing an inci eased amount of caiboln diates to foice nounshment 

Of the ninety-seven stools examined, one-thud weie acid (35), one- 
thud neutral (31) and one-thud alkaline (31) Twenty-two showed 
no staich, 31, a tiaee, 18, +, 19, -| — (- , 5, 4 — b+> anc ^ 2, 4~4~H — r 
Only 26 8 pei cent showed a leaction of -{-4" oi tnoie, as eompaied 
to 79 pei cent fot the aithntic giottp Iodine-staining oigamsms weie 
found in 17 stools (17 5 pei cent) in 16 cases (22 5 pei cent), lotighly 
onc-touith the fiequenc) in the othei giotip Fei mentation tests gave 
positne leactions in 19 stools (20 pei cent) fiom 17 patients (24 pei 
cent) This test became negative in all 6 cases m which moie than 
a single stool was examined, and Clostiuha also disappeared moie 
quickly than fiom the stools m the fust gioup 

Ceitain definite conclusions aie suggested b) these figures, even 
though the numbeis ot cases and examinations aie small If inability 
to utilize staich is shown by its appeal ance in the stool to excess, by 
the presence of Closhidia and b) the foimation of gas, then it is lela- 
tively uncommon among patients suftenng fiom oidmary chiomc or 
acute disease It occuis fiequentl) enough, how^eeei, to give rise to the 
speculation that it maj occur lathei easily fiom slight causes and may 
cleai up leadily wdien these causes aie lemoved However, inability 
to utilize staich is found m the gieat majont} of patients with chronic 
aithutis, and lesponds sluggishly to tieatment It w r ould seem to be a 
definite disoider in these patients, since it does not leact quickly to 
the amount oi t\pe of caiboh)diate in the diet 

The significance of this obsenation is not appaient Much work 
lemains to be done to veuf} and explain it Possibly it may point to 
an abnormal condition of the intestinal mucosa compaiable to that of 
other tissues in the bod} in arthntis In animals McCairison 1 pioduced 
oi game changes m the intestines and elsewdiere by feeding diets deficient 
m vitamins and high in starch B} roentgen examination and barium 
enema Fletchei 4 5 found a deciease in haustial markings, loss of tone 
and lengthening of the colon in his aithritic patients whose nutntion 


4 McCarrison, R Brit M J 2 730, 1926 

5 Fletcher, \ and Graham, D \m J M Sc 179 91, 1930 
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had been faulty foi a long time, and he felt that this was evidence that 
the experimental observations held tiue foi man Om results tend to 
support his views 

SUMMARY 

1 One hundied and foity-two stools fiom foity patients with chiomc 
aithntis were analyzed in a simple loutine way, and the lesults were 
compaied with those obtained on examination of ninety-seven stools 
from seventy-one patients suffering fiom various othei diseases 

2 No definite pathologic condition was found, except foi the pies- 
ence of starch in the stools from the arthntic gioup of patients (a) 
Seventy-nine pei cent of the stools showed an excess of starch, as 
compared with 26 8 pei cent foi the control gioup (b) Iodine-staming 
oigamsms were found in the stools of 90 pei cent of the patients, as 
compared to 22 pei cent for the controls ( c ) The fei mentation test was 
positive in 82 5 pei cent of the cases, as compared to 24 pei cent foi the 
controls 

3 Difficulty in the utilization of staich, while occasionally found m 
a \anety of conditions, is prone to occui in patients with chiomc 
aithntis, and adds further evidence that diets low r in staich are of 
use in this disease 



THF TREATMENT OF PERNICIOUS ANEMIA WITH 
DESICCATED IIOG’S STOMACH 1 


PROF I SNAPPER, M D 

AND 

JOG du PREEZ, Ml) 

\Mbiiknwr, iioilwd 

Since Calm and von McTning m 1886, lust dicw aUentum to the 
absence ot hydiochlonc acid m a case of .pcinicious anemia it has 
giadualh become lecogm/ed that this association is piacticalh a con- 
ditio sine cjn.i non 

On the continent ol Em ope this subject has been m\ estimated chiefl} 
In Fabei, Ewald, Zadek, Weinheig and others, Fabu expicssing as his 
opinion tlut aclnlia gastnc.i is gcneiall} picceded h\ a chtonic gastntis 
In England Hurst was tlic duct exponent, he also showed In means of 
the fiactional test meal that the absence of tiee huhochloiic acid m 
pcinicious anemia imanabh pusists thioughout the whole penod of 
digestion, whcicas m othei conditions such as cancel ot the stomach, it 
is not uncommon to Imd a small quantit} ot lice acid m one 01 mote 
ot the 1 1 actions 

1 he significance ot this aclnlia was pointed out 1>\ Castle 1 who m 
a senes ot cxpci nnents with noimal gastnc juice and beet muscle 
admnusteied m dilleient wa\s to patients with pernicious anemia, 
eudcaxoied to establish an etiologic lelationship between aclnlia g.istuca 
and pernicious anemia This constant aclnlia and the tacts concerning 
the tamilial occtu lence ot pei melons anemia as well as the Requeue} 
of aclnlia among lclatnes of patients sultcung tiom this disease, con- 
stituted the fundamental thoughts that ga\c lum the impetus to these 
c\pei intents 

The w'oik of Castle was the pimcipal indueement to Shatp,- Stm gis 
and Isaacs,- 5 and Connei 1 to ticat patients foi pernicious anemia hy 
feeding them law and desiccated hog’s stomach These w'oikeis came 
to the conclusion that stomach tissue pci giam of tiesh mateual is e\en 

-Submitted for publication, Vug' 21, 1930 

1 Castle But V J 1 1120, 1929, \m I M Sc 178 748, 1929 Castle 
and Townsend Ibid 178 7 04, 1929 

2 Sharp, E II Antiancmic Factoi in Desiccated Stomach, J A M \ 
93 749 (Sept 7) 1929 

3 Sturgis, C S, and Isaacs, R Desiccated Stomach m the Treatment ot 
Pei mcious Anemia, J A M \ 93 747 (Sept 7) 1929 

4 Connei , If AI J rcatment of Pei mcious \nemia with Swine Stomach 
J A M A 94 388 (Feb 8) 1930 
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mote active than livei, as a smallei amount of the foimei is lequuecl to 
induce a 1 emission m the patient with pernicious anemia 

It was theiefoie consicleied necessaiy to can) out a senes of expen- 
ments to venfy this new tieatment foi pernicious anemia If conob- 
oiated, this new method of tieatment not only would be a medical 
discovery of great unpoitance but would leplace the moie expensive 
livei theiap} 

We have thus fai obseived thnty patients tieated with desiccated 
hog’s stomach Foi this pui pose a Dutch phaimaceutical company 
placed then expenmental supplies of desiccated hog’s stomach at our 
disposal The mode of piepaiation is as follows The oigans of 



Chart 1 — Average Price-Jones curve of two normal persons, 500 cells in each 
instance 

health} animals aie taken fiom the body immediatel) aftei the slaughtei 
and thoioughl} and lepeatedly washed in i mining watei The inside 
sui faces aie then mechanically cleaned by means of a haid biush and 
the whole stomachs subsequently giound in a meat choppei to a fine 
pulp The pulp is spiead in thin la}eis on aluminum plates and placed 
in a special vacuum desiccatoi at tempeiatuies ranging fiom 35 to 45 
C The organs dried b) this method are then subjected to a piocess foi 
the exti action of fat and finally pulvenzed 

The daily dosage vaiied fiom 3 to 6 spoonfuls (5 Gm ) , it was 
usuallv admmisteied befoie meals m lemonade oi soup oi mixed with 
pomdge or othei food 
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Pnce-Jones’ method of measuring the diameteis of the led blood cells 
was employed in oidei to contiol the results of the treatment, as 
embodied in the appended chaits, the megalocytosis and amsocytosis, as 
well as the implement in the coutse of the tieatment, aie shown 
The influence ot the administiation of the stomach extinct was con- 
ti oiled b\ ieticuloc\ te counts, the leticulocytosis usualh appealed about 
the fi t th da) after the tieatment was staited, and leached its maximum 
at about from the tenth to the twelfth dav The accompaii)ing curves 
l epresent the number ot leticulocw tes pei thousand cuthioc) tes, the 
nurnbei ot led blood cells and the pciccntagc of hemoglobin 

Kl'POKl 01 CVSES 

Cvst 1 — J II, a tradu, aged 44, complained ot lassitude and loss of energ\ 
lor a a ear, so that lie was unable to cam on his work lie had become pro- 



Chirt 2 (ease 1) — Course ot hemoglobin content (crosses), red blood count 
(circles) and reticulocv tosis (dash line) I nei extract ( 1 ) was gi\cn aecoidmg 
to the method of Castle nut Bowie 

grcssiveh worse and had noticed that he was becoming paler md memic Tliue 
were djspnea on slight exertion and a lustorv of much indigestion, however, there 
was no diarrhea lie also complained ot soreness of the tongue Iheie was no 
tingling and numbness in the hands and feet During the last month he had 
been treated with liver, with negative results 

Examination revealed pile jellow selerae and a pale vellow skin, the teeth 
were carious, the tongue was smooth and atrophic At the apex of the heait 
a slight s\ stolic murmur was heard The li\cr was not enlarged, and the spleen 
w'as just palpable No othei abnormalities weie found 

Examination of the urine levelled no albumin ot bilitubm, the test foi uro- 
bilin was strongly positive A. blood count showed hemoglobin, 4S pei cent 
erythroc} tes, 2,010,000, color index, 12, white blood cells, 4,900, leticulocytes, 
14 per thousand erytluocj tes , platelets scanty, amsocytosis, poikilocytosis, poly- 
chromatoplulia and punctate basophilia, normoblasts and mcgaloblasts The indi- 
rect van den Bergh test showed 20 mg of bihiubm pei liter of serum, the Was- 
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scrmann test of the blood was negative Fractional gastric analysis showed 
achylia In the feces spectioscopic examination revealed no blood 

A tablespoon ful of stomach extract was given four times a day After a fort- 
night there was no improvement, and a transfusion of 500 cc of blood was given 
A week later, a h\er extract was given four times a day in addition to the 
stojnach extract The patient did not react satisfactorily until he was also given 
li\er extract according to the method of Castle and Bowie Eleven days later, 
examination showed hemoglobin, 60 per cent , erythrocytes, 3,400,000, and reticu- 
locytes, 110 per thousand Improvement was progressive, so that one month later 
the hemoglobin was 98 per cent and the erythrocytes numbered 5,000,000 

In this case it is difficult to state definitely what the essential pait ot 
the ti eatment was , it may have been the blood tiansfusion We think that 



Chart 3 (case 1) — Price-Jones curves, each of 600 cells On December 13 
(dotted line) hemoglobin was 49 per cent and erythrocytes 1,510,000, on January 
23 (circles), hemoglobin 87 per cent and erythrocytes 4,290 000, on February 18 
(crosses), hemoglobin 98 per cent and erythrocytes 5,000,000 

the initial dosage of stomach extract was tai too small foi a seveie case 
The three Price-Jones cuives (chait 3) cleaily show how the blood 
picture became almost noimal morphologically 

C'tSE 2 H E, a woman, aged 66, engaged in housework, had been healthy 
until a year before examination, w'hen she began complaining of weakness, lack 
of energy, pallor and tingling and numbness in the toes, so that she was unable 
to do her daily work She also complained of pain in the tongue and palpitation 
of the heart on exertion She had no diarrhea, but gave a history of occasional 
indigestion and slight edema of the ankles 

Examination revealed anemic conj unctivae , the sclerae were not jaundiced, 
the tongue w'as reddish and smooth, and the teeth w'ere poor The skin had a pale 
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vcllowisli tinge No othei abnoimalitv was found, except that the Inei was just 
palpable 

llic in me contained a tiace ot albumin but no bdnubin, the lest foi uiobihu, 
however, gave sttonglj positive lesults A cytologic examination showed hemo- 
globin, 50 per cent, led blood cells, 1,850,000, coloi index, 12, leukocytes, 4,100, 
leticulocvtcs, 2 pci thousand, platelets, 60,000, poikilocvtosis, amsocvlosis and 



Chait 4 (cast. 2) — Couisc of hemoglobin content (tiosses), led blood count 
(circles) and leticulocv tosis (dotted line) 



Chait 5 (case 2) — L’licc-Joncs cuives, c.ich of 600 cells On Nov 11, 1920 
(dotted line), ciytluocytes weic 1,850,000 and hemoglobin 50 pci tent, on Jan 3, 
1930 (dot .ind dash), eiytlnocjtes 1,500,000 and hemoglobin 95 pei cent, circle 
line shows condition one month laid , on June 26 (ciosses), hemoglobin 100 pci 
cent 


polyclnomalophiha , noimoblasts but no mcgaloblasts 1'lic dueet van den lleigli 
test gave negative lesults, the indued test showed 12 mg of bilnubm pei litei 
of sci tun , hi actional gisltic an ilysis icvcalcd no ficc hvdiochloiic acid the 
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highest total acidity was IS The blood pressure was 170 systolic and 75 diastolic, 
the Wassermann and Sachs-Georgi tests of the blood were negative The feces 
contained no blood 

A tablespoonful of stomach extract was given three times a day In about ten 
day s the reticulocytes had increased to about 80 per thousand , at the same time 



Chart 6 (case 3) — Course of hemoglobin content (ciosses), red blood count 
(circles) and reticulocytosis (dash line) 



Chart 7 (case 3) — Price-Jones curves, each of 673 cells On Dec 7, 1929 
(dotted line), erythrocytes were 1,610,000 and hemoglobin 44 per cent, on Feb 5, 
1930 (crosses), erythrocytes 4,400,000 and hemoglobin 85 per cent, four months 
later (circles), hemoglobin 102 per cent 

the hemoglobin and the number of red blood cells showed similar improvement, so 
that after treatment for forty-five days the blood picture showed hemoglobin, 95 
per cent, ery tlirocy tes, 4,510,000, and the color index, 0 95 r 
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In this case the use ol stomach extiact was a complete success, as is 
evidenced by the foui Pnce-Jones cuives (chait 5) 

Cvsl 3 — J T, <i fanner, aged 64, complained of progiessive loss of energy, 
dyspnea on exettiou and general weakness 1 he skin had gradually become pale 
and j el lo wash During the last leu- months preceding examination his legs had 
become stiff and walking difficult He had no pain m the tongue, but often had 
a burning sensation in the mouth 1 he appetite was good, there was, however, 
a history of flatulence and indigestion, but no diarrhea 

On examination, the skin was a pale yellow, no cy inosis or dyspnea was 
piesent The conjunetivae w'ere anemic and the scleiae slightly jaundiced The 
teeth were m a poor condition Examination ot the chest and abdomen revealed 
nothing abnoimal Definite medullary symptoms were piesent 

-V test of the urine toi urobilin gave stiongly positive results The blood 
count showed hemoglobin, 44 per cent, erythrocytes, 1,610,000, eoloi index, 13, 
leukocytes, 5,800, reticulocytes, 7 per thousand, amsoc\ tosis, poikiloey tosis, poly- 
chromutoplulia mid punctate basophilia, normoblasts and a lew megaloblasts The 
Wassermann and Sachs-Georgi tests ot the blood were negative The indued 
can den Bcrgh test showed 18 0 mg ot bilirubin per liter ot serum 

V tablcspoontul ot stomach extract w is given five times a day \itci about 
seven days a strong reticulocv tosis (114 per thousand) vv is observed The 
improvement thcrcattci was progressive, the uiobihn graduallv disappe irmg fiom 
the urine \t the end of about intv davs the blood picture showed hemoglobin 
85 per cent, ind cry throe v tes, 4,400,000 

In this case also the new tieatmeut was successful The Pnce-Jones 
curves (chait 7), made at the bcs*innni 5 r and at the end ot the tieatment 
in the hospital and live months lata, ate among the best in this senes 
The S) mptonis in the spinal coid showed little oi no impioxement 

C vsi 4 — J R, a woman, aged 31, engaged in housework, enjoyed good health 
until about eight vcirs before' examination, when after the buth of a child she 
began compl lining of general weakness and loss of energy Dining the past yeai 
these complaints had become piogiessively woise, so that she w is finally unable 
to do her housevvoik '1 hue was also soiencss of the tongue, especially' when she 
ate sour things 

Examination revealed canons teeth, the tongue* was smooth and atiopluc The* 
conjunetivae were anemic, while the sclerac had a touch ot jaundice Examination 
of the chest and abdomen icvealed nothing ahum mat, except that the livci was 
just palpable 

A test of the mine toi urobilin was strongly positive Examination of the 
blood showed hemoglobin, 52 per cent, ci vthiocvtcs, 1,900,000, eoloi index, 12, 
white blood cells, 4,100, reticulocytes, 6 per thousand, blood platelets scanty 
(82,000), amsocytosis, poikiloey tosis and marked punctate basophilia, normoblasts 
and 2 megaloblasts The indirect van den Beigh test showed 22 2 mg of bili- 
rubin pel liter of serum Fi actional gastnc analysis gave' no fice liychoehloiic 
acid, the highest total acidity was 12 No blood was demolish able in the feces 
spectroscopically or otherwise The fundus was not mat in both eyes The W is- 
scrinann and Sachs-Georgi reactions were negative 

Treatment consisted of a tablcspoontul ot stomach exit act three times a day, 
and dilute hydiochlotic acid and pepsin Within ten days the reticuiocytosis 
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reached its maximum (140 per thousand) At the same time the hemoglobin and 
the red blood cell count began to improve, so that at the end of forty days the 
blood count showed hemoglobin, 90 per cent, erythrocytes, 4,240,000, and color 
index, 095 The urine contained no urobilin Fractional gastric analysis showed 
no free hydrochloric acid 



Chart 8 (case 4) — Course of hemoglobin content (crosses), red blood count 
(circles) and reticulocjtosis (dash line) 



Chart 9 (case 4) — Price-Jones curves, each of 500 cells On Dec 4, 1929 
(dotted line), erythrocjtes were 1,900,000 and hemoglobin 52 per cent, on Jan 18, 
1930 (crosses), erythrocytes 4,240,000 and hemoglobin 90 per cent 

C\se 5 F v d S, a woman, aged 56, engaged in housework, had been well 
until three years before examination, when she began to complain of general 
lassitude, loss of energy, romitmg and other symptoms of indigestion She had 
pain m the tongue and ate poorly She had become progressively paler and suf- 
fered from palpitation of the heart on the least exertion 

On examination the conjunctivae appeared to be anemic, the sclerae had a 
\ellowish tinge There was no dyspnea or cyanosis The teeth were artificial 






SNAPPER-du PREEZ— PERNICIOUS A A EM I A 


779 


The tongue contained grooves in the middle and was smooth along the sides The 
heart was enlarged two fiugerbreadths to the left, systolic murmurs were heard 
at all ostia The lner was palpable about three fingcrbreadths from the costal 
margin, the spleen was just palpable 

The urine contained a trace of albumin, the test for bilirubin was negative 
and that for urobilin, strongly positive Examination of the blood showed hemo- 



Cliart 10 (case 5) — Course of hemoglobin content (crosses), red blood count 
(circles) and retieuloce tosis (dash line') Lner extiaet ( i) was made from 250 
Gm ot lresli lner 



Chart 11 (ease 5) — Pricc-Jones unves, each of 500 cells On Dec 22, 1929 
(dash line), erjthroeytes were S50.000 and hemoglobin 35 per cent, on Feb 2, 
1930 (circles), erj throe} tes 4,390,000 and hemoglobin 90 per cent, on March 12 
(crosses), erjthroeytes 4,360,000 and hemoglobin 91 pci cent 

globm, 33 per cent, crytJirocj tes, 850,000, color index, 16, leukocytes, 2,900, 
reticnlocjtcs, 3 per thousand, blood platelets, 40,000, marked amsocytosis , poiki- 
ocytosis, polychromatophiha and punctate basophilia, scveial normoblasts and 
megaloblasts Ihc indirect van den Beigh test yielded 22 mg of biluulmi per 
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litei of suum The Wassermann and Saehs-Geoigi tests of the blood were nega- 
tive The feces contained no blood Fractional gastric analysis revealed no fiee 
hydrochloric acid 

Treatment consisted of a tablespoonful of stomach extiact three times a day 
and dilute hydrochlouc acid and pepsin In thiee weeks the general condition of 
the patient had become worse and it was therefore decided to give a blood trans- 
fusion of 500 cc The administration of stomach extract was stopped and instead 
liver extract was given, live times a day Six days later, another blood trans- 
fusion of 500 cc was gnen Stomach extiact was given three times a day in 
addition to the liver extract Five days later there was a slight reticulocytosis 
(45 pei thousand) It was decided, however, to add another liver extract, made 
from 250 Gm of fresh livei Fiom then on there was decided improvement, so 
that fourteen days later the blood count showed hemoglobin, 53 pei cent, and 
erythrocytes, 3,280,000 

The liver extracts weie lemoved from the tieatment, the patient now being 
given only stomach extract, a spoonful five times a day Improvement was con- 
tinuous , a month later, the blood count was hemoglobin, 91 per cent, and eryth- 
rocytes, 4,360,000 

In this case theie is no doubt that the initial dosage of stomach 
extiact (a tablespoonful thiee times a day) was fai too small The 
thiee Pi ice-Tones cuives (chait 11) lllustiate the moiphologic unpiove- 
ment m the led blood cells 

C\sc 6 — -V B a housewife, aged 34, complained of weakness, lack of energy 
and pallor for two vears The onset of symptoms had been insidious, but they 
had become most pronounced eighteen months before examination, when the 
hemoglobin was onh 15 per cent She had pain in the tongue, but never suffered 
from diarrhea or from tingling and numbness in the fingers and toes She was 
then residing in Germany and was treated with a liver prepaiation given for 
pernicious anemia The hemoglobin content returned to 63 per cent She con- 
tinued to use the lner preparation, but aftei a few months hei condition again 
became worse A. German preparation of desiccated hog’s stomach caused some 
improvement but latei the condition became progressively worse 

On examination the skin was a lemon yellow, the sclerae were slightly jaun- 
diced, the conjunctivae showed extreme anemia The teeth were carious The 
tongue was smooth and atrophic Examination of the chest revealed anemic mur- 
murs at all ostia otherwise observations were normal The liver and spleen 
were both just palpable 

A test of the urine for uiobilin gave strongly positive results Examination 
of the blood showed hemoglobin, 38 per cent, erythrocytes, 1,900,000, color index, 
09, leukocytes, 2,600, reticulocytes, 6 per thousand, marked amsocvtosis , poilulo- 
cvtosis punctate basophilia and polychromatophilia , many normoblasts and a few 
megnloblnsts , platelets scanty The direct van den Bergh test gave negative 
lesults, the indirect test showed 9 mg of bilirubin per liter of serum The 
Wassermann reaction of the blood was negative No blood was demonstrable in 
the feces spectroscopically or otherwise 

Treatment consisted of a tablespoonful of stomach extract given six times a 
day and dilute hydrochloric acid and pepsin Twelve days later there was a 
strong reticulocvtosis (204 per thousand) The improvement was progressive, so 
that after about fifty'-three days the hemoglobin was 90 per cent and the erythro 
cites numbered 4,750 000 
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The color index was nevei gt eater than 1, noi was the Pnce-Jones 
cuive (chait 13) typical at the beginning Impiovement undei the 
administi ation ot hog’s stomach was no less striking, however, than m 
the othei cases 



Chart 12 (cast. 6) — Course ot hemoglobin lontent (crosses), red blood count 
(circles) and t cttculoeUOMs (dash hue) 



Chart 13 (ease 6) — Price- Jones curves, each ot 500 cells On March 8, 1930 
(solid hue), erythrocytes were 1,900,000 and hemoglobin 38 per cent, on Mae 2 
(dotted line), erythioeyles 4,570,000 and hemoglobin 90 pei cent 

Casj 7 J P , a printer, aged 62, was healthy until two yeais befoie exam- 
ination, when he staited to complain ot giooves in the tongue which caused him 
much pain Thereafter he began to complain of weakness he got up tired and 
went to bed tired, so that at last he was unable to remain at his work A ycai 
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before, he underwent treatment with liver, and the hemoglobin percentage rose 
from 30 to 80 Liver therapy was then discontinued, and twelve weeks later his 
condition was as poor as before 

On examination, the skin was of a lemon-yellow color, the conjunctivae were 
anemic The tongue showed deep grooves in the middle, and was smooth along 
the sides The teeth were poor Examination of the chest and abdomen revealed 
nothing abnormal, except that both the liver and the spleen were just palpable 



Chart 14 (case 7) — Course of hemoglobin content (crosses), red blood count 
(circles) and reticulocytosis (dash line) 



Chart 15 (case 7) — Price-Jones curves, each of 500 cells On April 6, 1930 
(dotted line), erythrocytes were 2,000,000 and hemoglobin 57 per cent, on May 7 
(crosses), erythrocytes 4,020,000 and hemoglobin 93 per cent 


A test of the urine foi urobilin gave strongly positive results The blood pic- 
ture showed hemoglobin, 57 per cent , erythrocytes, 2,000,000 , color index, 1 4 , 
leukocytes, 4,900, reticulocytes, 19 per thousand, amsocytosis, poikilocytosis and 
poh chromatophiha , 1 megaloblast and several normoblasts , blood platelets clearly 
diminished 

A tablespoon ful of stomach extract was given four times a day Between the 
sixth and eleventh days a reticulocytosis of about 60 per thousand was found, 
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the general condition unproved so that, after a month’s treatment, the hemo- 
globin was 93 per cent and the red blood count, 4,020,000 

Case 8 — T V , a man, aged 56, had complained of weakness, loss of energy 
and palpitation of the heart for three and a half years At the onset of the condi- 
tion lie began to look pale and lost considerable weight He was sent to the 
south of France, and while there was treated with liver Thereafter he was 
again able to do lus work Gradually, however, his condition became worse and 



Chart 16 (case S) — Course of hemoglobin content (crosses), red blood count 
(circles) and reticulocjtosis (dash line) 



Chart 17 (case 8) — Wiee-Jones cur\cs, each of 500 cells On April 2, 1530 
(dash line), erythrocyto/\ere 2,000,000 and hemoglobin 56 per cent, on Mav 6 
(crosses), eo throcyteya.^lOOXoO and hemoglobin 95 per cent 


diarrhea developed He was again treated with lnei and for a year he was able 
to attend to his work Thereafter liver therapy was ineffective He became pro- 
gressively worse, had pain m the tongue and complained of tingling and numbness 
m the fingers 

On examination, the skin was of a lemon-yellow color The conjunctivae 
were anemic, the sclerae were not jaundiced The teeth were poor, and the 
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tongue smooth and atrophic Further examination of the chest and abdomen 
revealed a palpable liver and spleen 

The urine contained no bilirubin, the test for urobilin was strongly positne 
Examination of the blood showed hemoglobin, 56 per cent, erythrocytes, 
2,000,000 , color index, 1 3 , leukocytes, 4,700 , reticulocytes, 4 per thousand , amso- 
cytosis, poikilocytosis, polychromatophilia and punctate basophilia , several normo- 
blasts No blood was found m the feces 

A. tablespoonful of stomach extract was given five times a day Ten days 
after the treatment was begun, the reticulocytosis had reached its maximum (96 
per thousand) The patient’s condition continued to improve generally, so that 
after thirty-five days, examination of the blood revealed hemoglobin, 95 per cent, 
and era tbrocj tes, 4,400,000 

The moiphologic improvement is evidenced by the Puce-Joncs cuives 
at the beginning and at the end of the tieatment (chait 17) It will be 



Chart 18 (case 9) — Couise of hemoglobin content (crosses), red blood count 
(circles) and reticuloca tosis (dash line) 


noticed, howevei, that theie still existed consideiable megalocytosis, a 
condition that evidenth does not run paiallel with improvement m 
hemoglobin and red blood count 

Case 9 — G B a woman aged 59, engaged m housework, complained of 
weakness in the legs and gene al lassitude for eight months The last few months 
before examination her condition became much worse and she began to look pale 
There was a history of indigestion and occasional vomiting Theie was no sore- 
ness of the tongue or any unusual feeling in the hands or feet 

On examination, the skin showed a lemon-jellow pallor The conjunctivae 
w'erc anemic and the sclerae slightly jaundiced The tongue was not smooth , the 
teeth were in a poor condition The area of cardiac dulness was somewhat 
enlarged m both directions , svstolic murmurs were heard at all ostia Further 
examination of the chest, abdomen and extremities showed nothing abnormal 
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Ihe urmc contained a tiace of albumin but no bilirubin, tests for urobilin 
gave strongly positive results Examination of the blood showed hemoglobin, 34 
per cent, eiythrocytes, 1,160,000, color index, 13, white blood cells, 3,000, reticu- 
locytes, 9 per thousand, platelets, 80,000, maiked amsocytosis, poikilocytosis, poly- 
chromatophiha and punctate basophilia, several normoblasts and 3 megaloblasts 
in 100 -white blood cells The dnect van den Beigh test gave negative results, 
the indirect test showed 112 mg of bilimbin per litu of seium The blood 
pleasure was 150 systolic and 60 diastolic The Wasscrmnnn and Sachs-Georgi 
tests ot the blood weie negati\e The feces contained no blood Fi actional gastric 
analysis revealed no free hydrochloric acid 

A tablespoonful of stomach extract was given six times a day A marked 
reticulocytosis (215 per thousand) was noted about the eleventh day From then 
on the hemoglobin percentage and red blood count gradually improved, so that, 
after tieatment tor two months, examination showed hemoglobin, 100 per cent, 
and eiythrocytes, 4,100,000 Fractional gastric analysis with histamine revealed 
no free Hydrochloric acid 



Chait 19 (case 9) — Priee-Jones curves, each of 500 cells On March 27, 1930 
(dotted line), erythrocitcs were 1,160,000 and hemoglobin 34 pei cent, on May 
19 (circles), erythrocytes 3,560 000 and hemoglobin 95 pei cent 

C\sr 10 — Z '1 , a woman aged 56, complained of tnedness and loss of energy 
for two years Six months befoic examination, her condition became much 
w'oise, she looked pale and complained of palpitation and pain m the chest on the 
least exertion She also complained of pain m the tongue and tingling and numb- 
ness in the hands and feet, she did not ha\e diairhea 

On examination, the skin was pale and yellowish, the conjunctivae were anemic 
and the sclerac slightly jaundiced The teeth weie in a poor condition and the 
tongue w'as smooth 1 lie area of cardiac dulncss show'cd a slight inciease to the 
left, systolic murmurs were heard at the various ostia 

The urine contained a trace of albumin, tests foi uiobilm w 7 eie stiongly posi- 
tive Examination of the blood showed hemoglobin, 32 per cent , erythrocytes, 
1,350,000, color index, 1 1, white blood cells, 3,700, reticulocytes, 25 pei thousand 
marked amsocytosis and poikilocytosis , polychromatophilia and punctate baso- 
philia, 6 normoblasts and 2 megaloblasts m 100 white cells, blood platelets defi- 
nitely diminished The direct van den Bergh test yielded negative results, the 
indirect test gave 16 mg of bilirubin per liter of serum The Wasseimann and 
Sachs-Georgi tests w'ere negative The feces contained no blood Fractional 
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gastric analysis revealed no free hydrochloric acid , the highest total acidity 
was 27 

A spoonful of stomach extract was given six times a day The maximum 
reticulocytosis was reached about ten days after the treatment was begun, after 
thirty days’ treatment, cytologic examination showed hemoglobin, 80 per cent, 



Chart 20 (case 10) — Course of hemoglobin content (crosses), red blood count 
(circles) and reticulocytosis (dash line) 



Chart 21 (case 10) — Price-Jones curves, each of 500 cells On April 25, 1930 
(dotted line), erythrocytes were 1,350,000 and hemoglobin 32 per cent, on Ma> 30 
(crosses), erythrocytes 3,910,000 and hemoglobin 80 per cent 

and erythrocytes, 3,910,000 The Price-Jones curves (chart 21) show a remark- 
able improvement in the megalocytosis 

Case 11 M S, a woman, aged 71, was well until fourteen months before 
examination, when she began to complain of lassitude and loss of energy She was 
then treated with liver and remained well for seven months , then she was again 
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given liver, but unsuccessfully She was discharged from the hospital m forty 
days with a hemoglobin percentage of only 34 Since then she had been bedridden 
On examination, the skin was a lemon-yellow color, no cyanosis or dyspnea 
was present The conjunctivae were extremcl} anemic The teeth were in a poor 
condition , the tongue was smooth and atrophic The area of cardiac dulness was 



Chart 22 (case 11) — Course of hemoglobin content (ciosscs), red blood count 
(circles) and reticulocjtosis (dash hue) 



Chart 23 (case 11) — Price-Jones curves, each of 500 cells On April 3, 1930 
(dotted line), erytluocytes were 900,000 and hemoglobin 22 per cent, on Mav 31 
(crosses), erythrocytes 3,260,000 and hemoglobin 88 per cent 

normal, sistohc murmurs were heard at all ostia Rales weie heard over the 
left lower lung posteriorly The liver and spleen were not palpable 

The urme contained a trace of albumin , tests for urobilin gave strongly posi- 
tive results Examination of the blood showed hemoglobin, 22 pei cent, erytlno- 
cytes, 900,000, color index, 1 1, leukocytes, 3,400, leticulocytes, 10 pei thousand, 
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marked poikiloc>tosis and amsocjtosis , polychromatophilia and punctate baso- 
philia, 2 megaloblasts and several normoblasts in 100 white cells, a few blood 
platelets The direct van den Bergh test gave negative results, the indirect test 
yielded 22 mg of bilirubin per liter of serum The Wassermann and Sachs- 
Georgi tests of the blood gave negative results The feces contained no blood 
Fractional gastric analysis revealed no free hydrochloric acid 

A German preparation of desiccated hog’s stomach was given, 2 tablets four 
times a day There was a slight reticulocytosis on about the fifth day, but as there 
was no general improvement, the German preparation was replaced by the stomach 
extract used in the previous cases, a tablespoon ful a day, with the gratifying 
result that ten days later, the reticulocytosis reached a much higher level (172 
per thousand) From then on there was a steady general improvement, at the 
end of fifty davs’ treatment with the second stomach extract the hemoglobin 'vas 
88 per cent and the erjthrocjtes were 3,260,000 

This was a great success foi the stomach theiapy The condition 
ot the patient was extremely pool and the piognosis doubtful considei- 
mg hei age, the hypostasis of the lungs, the extreme emaciation and the 
fact that liver theiapy had been unsuccessful on a pnor occasion 

COMMENT 

It is intei esting to note that the return of the led blood cells to 
noimal size geneially lagged behind the improvement m the peicentage 
of hemoglobin, the led blood count, etc In cases 2 and 3 it was possible 
to measure the diameters of the red blood cells five and foui months, 
i espectively, aftei the patient’s discharge fiom the hospital, and it was 
lound that the morphologic recovery had become complete Minot and 
Medeans studied the diametei of the led blood cells in patients treated 
with livei and came to a somewhat similar conclusion 

Since the beginning of these experiments and after our piovisional 
iepoit 6 of the fiist five cases, several workeis have published their 
expenences on this subject Wilkinson, 7 in England, successfully 
tieated foui patients with law hog's stomach and two patients with 
desiccated stomach He also showed that both the musculans and the 
mucosa aie active Renshaw 8 m the same countiy, succeeded with this 
tieatment m a case that had proved lefractory to hvei Hitzenbeiger, 9 
ot Vienna lepoited one case and Rosenow, 10 of Beilin, two cases, in 
which tieatment with desiccated hog’s stomach was successful Recently 
Meulengiacht and Hecht- Johansen, 11 of Copenhagen, lepoited foui 

5 Minot and Medearis J Clin Investigation $ 541 (Feb 20) 1927 

6 Snapper, I , and du Preez, J D G Nederl tijdschr v geneesk 74 745 
(Feb 15) 1930 

7 Wilkinson Brit M J 1 236 (Feb 8) 1930 

8 Renshaw Brit 11 J 1 334 (Feb 22) 1930 

9 Hitzenberger Wien klin Wchnschr 43 367, 1930 

10 Rosenow Klin Wchnschr 9 652 (April 5) 1930 

11 Meulengracht and Hecht-Johansen Klin Wchnschr 9 1162 (June 21) 
1930 
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cases m which pulveiizecl desiccated hog’s stomach, and two cases in 
which a stomach extiact, was used 

Tieatment foi pernicious anemia with hog’s stomach has theietoie 
been established beyond all doubt The consequences must be gieat, 
both theoretically and piactically Cases lefiactoi) to tieatment with 
liver, especiall) with liver extiacts, aie not laie, besides, hog’s stomach 
is a cheap aiticle and, if equally active as a blood-matui ing agent, will 
supeisede the moie expensive lner piepaiations and so bung a good 
and effectne tieatment within the leach of the geneial public 



CARBOHYDRATE METABOLISM IN HYPERTENSION* 
MAX WISHNOFSICY, MD 

AND 

CHARLES S BYRON, MD 

BROOKLYN 

It has been noted by clinical observers that a disturbance of cai bo- 
hydrate metabolism exists in hypei tension 

In 1910, Neubauer 1 obseived the association of hyperglycemia in 
nephritis with hypei tension, and postulated that an overactivity of the 
supiarenal glands was the causative factoi Hagelbeig 2 made the same 
observation and accepted Neubauei s theory Tachau 3 also concurred 
in these observations, but did not attempt to explain the mechanism 
involved Bing and Jakobsen 4 were of the opinion that the hyper- 
glycemia in all cases of hypertension with nephritis could be explained 
by a complicating condition such as dyspnea, uremia 01 a cerebral 
accident 

Hopkins 3 also observed hyperglycemia in hypei tension with nephri- 
tis Hamman and Hirschinan c found that cases of high blood pressure, 
especially when complicated by nephutis, showed a so-called ‘ diabetic” 
blood sugar cui\e after the administration of dextrose Hirsch 7 noted 
that in the majority of cases of vascular hypertension without nephritis 
there was hypei glycenua and an abnormal rise m blood sugai aftei the 
taking of dextiose Herrick s concuired in the opinion that high blood 

Submitted for publication, Sept 22, 1930 

From the Department of Metabolism and Pathology and the Medical Clinic 
(Service of Dr S R Blatteis) of the Jewish Hospital 

1 Neubauer, E Ueber Hyperglykamie bei Hochdrucknephritis, Biochem 
Ztschr 25 284, 1910 

2 Hagelberg, M Hipertome und Blutzucker, Berl klin Wchnschr 40 
1877, 1912 

3 Tachau, H Erne neue Methode der Bestimmung des Blutzuckergehaltes, 
Deutsches Arch f klin Med 102 597, 1911 

4 Bing, H J , and Jakobsen, B Blutzucker Untersuchungen unter normalen 
und eimgen pathologischen Verhaltmssen, Deutsches Arch f klin Med 113 571, 
1913 

5 Hopkins, A H Studies in Concentration of Blood Sugar in Health and 
Disease, Am J M Sc 149 254, 1915 

6 Hamman, L , and Hirschman, I I Studies on Blood Sugar, Arch Int 
Med 20 761 (Nov) 1917 

7 Hirsch, E Blutzucker und vasculare Hypertonie, Biochem Ztschr 75 
189,1916 

8 Herrick, W W Hypertension and Hyperglycemia, J A M A 81 
1942 (Dec 8) 1923 
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sugai occuned in cases of high blood piessuie, more often when it 
was not associated with obvious disease of the kidney 

Kalilei 9 found hyperglycemia in essential hypei tension and believed 
that the possibility of the existence of scleiosis of the pancreatic blood 
vessels should be consideied Fahi 10 also postulated that the high 
blood sugai in cases of high blood piessuie might be the lesult of a 
diminution in the output of insulin engendeied by a scleiosis of the 
blood vessels of the pancieas O’Haie 11 obseived that a laige number 
of cases of hypei tension showed a high blood sugai curve aftei the 
ingestion of dextiose and he beheced that many of the patients were 
potentially diabetic 

Hit/enbeigei and Richtei-Quittnei 12 leuved the theory of Neu- 
bauei They stated that in both pnmaiy and sccondaiy hypei tension, 
hypei glycenna and elevation of the lenal thieshold for dextiose weie 
piesent The condition of hyperglycemia, hypei tension and elevation ot 
the renal thieshold can be pioduced by the injection of epinephnne 
Theiefoie they uiged that the entne complex could be explained In an 
inciease in secietion In the supiaienals 

Only two obseiveis leported conti adictoiv obsei\ations Knoop- 
man 1 ’ found high blood sugar in hypei tension to be exceptional Ivvai 
and Lowy 11 noted that the blood sugai le\ el duiing fasting and the 
blood sugai citive aftei the ingestion of dextiose w^eie essentially noimal 
m cases of high blood piessuie 

Of intei est in ldation to this subject aie the obseivations of 
Punschel n and of Spence 1 '* They observed that in senility the blood 
sugar \alue dui mg fasting and the dextiose toleiance cuive w^eie much 
highei than m young people 

It seems to be fan ly definitely established, then, that m hyper- 
tension, whether oi not complications such as ncphntis exist, theie is a 

9 Kahler, H Ziu Pathogau.se dcr cssentiellen Hvpertome, Wien \rch f 
inn Med 3 129, 1922 

10 Fahr, G Kur/er Bcitrag zur Frage dei Hjpertonie, Berl khn Wchnschi 
58 730, 1921 

11 O’Hare, J P Glucose Tolerance Test m Chronic Vascular Hypertension, 
Vn J M Sc 160 366, 1920 

12 Flitzcnbergcr, K , and Richter-Quittncr, M Em Beitrag zum Stofitwechsel 
bei dcr vaskularen Hypertonic, Wien A.rch f inn Med 2 189, 1921 

13 Knoopman, J Blood Pressure and Sugar Metabolism, Endocrinology 8 
340, 1924 

14 Iwai, S , and Lowy, F E Zur Frage der Hyperglykaime bei Hochdruck, 
Klin Wchnschr 3 1440, 1924 

15 Punschel, A Dcr Blutzucker un hoheren Lebensalter unter besonderer 
Berucksichtigung dcr alimentaren Hypei glykanue, Ztschr f khn Med 96 253, 
1923 

16 Spence, J C Some Observations on Sugar Tolerance with Special Ref- 
erence to Variation Found at Different Ages, Quart T Med 14 314, 1920-1921 
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disturbance in the metabolism of caibohydiate This may mamtest itself 
as hj perglycenua and glycosuna The moie constant featuie, howevei , 
is the exhibition ot a high blood sugar cuive on the admimstiation of 
an adequate amount of dextrose 

The elucidation ot the factois concerned m this distuibance is not 
simple Fahi, 10 Ivahlei 9 and O’Haie 11 considered this condition to be 
the lesult of a diminution in the secietion of insulin engendeied by 
sclerosis of the blood \essels of the pancieas, 01 , to put it moie con- 
crete!), these cases aie either potentially or mildly diabetic Neubauei, 1 
Hagelbeig, 2 Tachau 3 and Hitzenberger and Richter-Quittner, 1 - on the 
othei hand, expiessed the belief that the entile pictuie can be explained 
by the existence of a hyperadrenalemia 

The differences between these two conceptions aie fundamental In 
both conditions a "diabetic” blood sugai cuive is obtained on the admin- 
istration of dextiose In diabetes mellitus the lespnatoiy quotient curve 
is lower than noimal aftei the ingestion of dextiose, in hypersupiarenal- 
memia, on the othei hand, the cuive is noimal This point is of cardinal 
impoitance because it helps sepaiate diabetic liom nondiabetic patients 
Thus Lmder, Hillei and Van Slyke 17 found that in nephritis, in which 
there may be a maiked diminution in tolerance foi dextiose, the 
lespnatoiy quotient cuive is noimal Similarly, Sangei and Hun 1S 
found this to be tiue m hypeith) loidism We 10 suggested that a study 
of the lespiraton quotient curve w'ould serve to distinguish diabetic 
from nondiabetic cases in aciomegal), in which theie is practically 
always a distuibance in carbohydiate metabolism 

At this point a few woids may be said about the lespiratory quotient 
cuive The respuaton quotient of noimal peisons twelve houis aftei 
a meal was detei mined by Benedict, Emmes, Roth and Smith 20 and 
lound to be 0 S3 foi men and 0 81 foi women As a rule it is lower m 
diabetic patients , the more sevei e the diabetes, the lowei is the quotient 
The lespiratory quotient during fasting will be lower in noimal peisons 
if the) have been depmed of carbohydrates for several days Con- 
■\ersel), it has been shown by Benedict, Emmes and Riche 21 that follow- 
ing an evening meal rich in carbohydiate, the lespiratoiy quotient on 

17 Linder, G C Hillei, A, and Van Slyke, D D Carbohydrate Metabo- 
lism in Nephritis, J Clin Investigation 1 247, 1925 

18 Sanger, B J , and Hun, E G The Glucose Mobilization Rate in Hyper- 
thyroidism, Arch Int Med 30 397 (Sept) 1922 

19 Wshnofsky, M, and Byron, C S Carbohydrate Metabolism in 
Acromegaly, J Lab & Clin Med 15 216, 1929 

20 Benedict, F G , Emmes, L E , Roth, P , and Smith, H M The Basal, 
Gaseous Metabolism of Normal Men and Women, J Biol Chem 18 139, 1914 

21 Benedict, F G , Emmes, L E, and Riche, J A The Influence of the 
Preceding Diet on the Respiratory Quotient After Active Digestion Has Ceased, 
Am J Physiol 27 383, 1911 
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the following morning may be OSS It is seldom, however, that such 
maiked changes in the diet aie encounteied as were employed by these 
expei nnenteis with then subjects 

It has been shown by Bernstein and Falta 22 and otheis that aftei 
the administration of dextiose the lespnatory quotient will not use 
until an optimum peicentage of glycogen is obtained in the liver It is 
only aftei the glycogen depots have been filled that the oxidation of 
dextiose will commence Consequently, in a peison who has been 
on a diet pool m carbohydrate foi seveial days, theie will be a delay 
in the use of the lespnatoiy quotient, wheieas when the body is suifeited 
with glycogen theie mil be an eaily r use which to some extent must be 
attnbuted to the comeision of caibohydiate into fat Gigon 23 found 
that m a normal peison the respnatoiy quotient never uses befoie one- 
half houi after the adnnnistiation of dextiose Indeed, Boinstein and 
Holm 2 i found that it may' actually fall duung the fiist fifteen minutes, 
and they suggested that this may be due to caibon dioxide being letained 
in the body to combine with the alkali released by the secietion of acid 
in the gastuc juice The lespnatoiy quotient is highest at the end of 
thiee houis, at which tune the blood sugai is noimal The quotient 
during fasting is, as a lule, attained at the end of fiom four to six houis 

Ten cases of hypei tension w r eie imestigated by us along these lines, 
namely, by a simultaneous study of the blood sugai and the lespnatoiy 
quotient curves These cases weie chosen at landom fiom the out- 
patient department The ages of the patients langcd fiom 40 to 
70 yeais The lowest systolic blood piessuie was 170 mm of met cui y , 
in most cases it was consideiably abote this The patients w r eie on 
noimal diets preuous to the day of the test This point is of extieme 
impoitance, foi, as mentioned, if the peison is on a diet pool m caibo- 
hydiate foi seveial days, an abnoimallv low cui\e foi the lespnatoiy 
quotient will lesult on the adnnnistiation of dextiose It has also been 
demonsti ated that under sinulai conditions a “diabetic” blood sugai 
cuue can be obtained in noimal peisons 

The question of standards of noimal will now be considued A 
normal blood sugar cuue (venous blood) may be accepted as one that 
has a fasting level of from 0 8 to Oil per cent, that leaches its peak 
in one hour — as a rule much eniliei — aftei the ingestion of dextiose, 
larely going higher than 017 pei cent, and that tends to legain its 
fasting level and frequently even a low r er value wuthin two houis, and 
occasionally in thiee hours In two cases blood fiom the tips of the 

22 Bernstein, S, and Falta, W Respnatouschei Stoftwechsel und Blut- 
zucker Regulation, Deutsches Arch f khn Med 125 233, 1918 

23 Gigon, quoted bv Bornstem and Holm Biochem Ztschi 130 210, 1922 

24 Bornstem, A, and Holm, Iv Ueber den lespuatorischen Stoftwechsel bei 
ahmentarer Glylumie, Biochem Ztschr 130 209, 1922 
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fingei was utilized, which has been shown by Foster 25 to be identical 
with that of aitenal blood For leasons that need not be discussed heie, 
when artenal blood is used the blood sugar curve is higher than that for 
\enous blood According to Foster 25 and from our own experience, 
the figures of a normal blood sugar cuive (artenal blood) are as follows 

0 10 per cent fasting level, and 0 21 and 0 12 per cent, three quarters of 
an hour and two hours after the ingestion of dextrose, respectively 

The respiratory quotient cunes of Sanger and Hun 18 weie accepted 
as standards of normal (table 1) Their normal subjects leceived 

1 75 Gm of dextrose per kilogram of body weight, which is the amount 
given to our patients with hypertension Their figuies are substantiated 
by the work of Boinstein and Holm 21 


METHOD or PROCEDURE 

After having lasted for fourteen hours, each patient received 1 75 Gm of 
dextrose per kilogram of body weight Three specimens of blood were taken 


T xblb 1 — Curves of Respn atoi y Quotient in Noimal Conti ols 
(Sangci and Hun) 
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from each patient, one at the “fasting level,” and two forty-five minutes and two 
hours after ingestion, respectively The sugar content of the venous blood was 
determined by the Folm-Wu method, and that from the tip of the finger by the 
Kramer-Gittleman 20 micromethod The respiratory quotient was determined at 
the “fasting lex el,” and at one and one-fourth and at two and one-fourth hours 
after ingestion, respectixelj These time intervals xvere chosen after careful 
consideration as best describing the nature of the curve The gas was collected 
in a fissot spirometer and analyzed bx r the method of Henderson and Haldane 


RESULTS 

1 he lesults aie incorporated in table 2 The blood sugar curves will 
be examined first Accepting Oil per cent as the upper limit of noimal, 
six of the ten patients had blood sugat values during fasting above 
normal The ten patients had blood sugar curves above normal 

Foster, G L Some Comparisons of Blood Sugar Concentrations m 
Venous Blood and m Finger Blood, J Biol Chem 55 291, 1923 

26 Kramer, B , and Gittleman, I F Technic for Quantitative Estimation ot 
Sugar in Verj Small Amounts of Blood, J A II A 81 1171 (Oct 6) 1923 
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Aitei caieiul consideration oi the figures of Sangei and Hun 1S and 
those of Boinstem and Holm,- 1 it was decided that the respuatoiy 
quotient cuive may be consideied normal if its peak is 0 88 01 moie 
after the ingestion of 1 75 Gm of dextrose pei kilogram of body weight 
Accoidmg to this standaid, all of the patients, except the one in case 6, 
had noi mal lespiratoiy quotient cuives In case 6 the quotient lose 
only to 0 856 This patient also had the highest value for blood sugai 
during fasting, 0 133 per cent 

COMMENT 

In diabetes melhtus theie is a deficiency in glycogenesis and stoiage 
of glycogen Whethei oi not theie is also a diminution in the ability to 
oxidize dextiose is still m a polemic state Macleod 27 stated, “The 
occunence of these low quotients and then failuie to respond to inges- 
tion of glucose aie often cited as evidence that the tissues m diabetes 
have lost the powei to oxidize carbohydrate, but there is no dnect 
evidence that this is really so ” Joshn 28 expressed the belief that the 
diabetic patient can burn sugai if the sugai can fiist be transfoimed 
into glycogen This may be accepted as mconti overtible that in 
diabetes the lespnatoiy quotient dui mg fasting is lowei than noimal, 
and that the lespnatoiy quotient cuive fails to rise to a noimal level 
aftei the ingestion of dextrose A low cuive foi the lespnatoiy quotient 
indicates a deficiency ot insulin oi a neutralization oi mactn ation of an 
adequate supply ot insulin 29 The converse is true, namely, that a 
nonnal respuatoiy quotient indicates an adequate secietion of insulin 

A laige amount of woik has been done on the use of the dextiose 
toleiance test m the diagnosis of diabetes melhtus However, a so-called 
‘diabetic cune” is obtained in so many’- conditions that this test must 
be consideied inadequate Fai moie infoimation may be obtained by 
studying simultaneously the blood sugar and the lespnatory quotient 
cuives 

The \anous theones advanced to explain the distuibance in caibo- 
hydiate metabolism m hypei tension will now be leconsideied They are 
(1) the existence of sclerosis of the blood vessels of the pancreas lead- 
mg to a diminution m the secietion of insulin, and (2) the piesence 
of a hypei adienalenna 

27 Macleod, J J R Physiology and Biochemistry in Modern Medicine, 
ed 6, St Louis, C V Mosbv Company, 1930, p 912 

28 Joshn, E P The Treatment of Diabetes Melhtus, ed 4, Philadelphia, 
Lea & Febiger, 1928, p 103 

29 This does not include phlorizin diabetes, in which the respiratory quotient 
rises only slightly after the administration of dextrose This is the result, not 
of the inability of the organism to oxidize dextrose, but of the rapid elimination 
of dextrose by the kidnev 
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In nine of ten cases examined by us the lespiiatoiy quotient cuive 
was noimal alter the ingestion of dextiose This is definite evidence 
that theie is an adequate secietion of insulin, that is, that diabetes 
mellitus does not exist In the single case in which the lespnatoiy 
quotient cuive was lower than noimal, the diagnosis of diabetes mellitus 
could be made, which condition is coexistent with and independent of the 
h) pertension 

The injection of epinephrine gives use to a “diabetic” blood sugai 
cuive after the ingestion of dextiose It was shown by Lusk 30 that if 
dextiose was gnen to noimal dogs and then epineplmne was admin- 
istered the lespnatory quotient rose to unity, showing a noimal com- 
bustion of caibohydiate A h) peiadrenalemia could then give use to 
blood sugai and lespnatoiy quotient cuives as found by us 

In 1904, Vaquez 31 formulated the doctime that hypertension is due 
to a h)peiadienalemia Janeway 3 - chaiactenzed this as a “beautiful 
dieam ” Bioking and Trendelenburg 03 did not find an mciease of 
epinephnne in the blood in hypei tension Stewait 31 stated that it is 
impossible to demonstiate epmephnne in human seium It might be 
added that hypei plasia and adenoma of the supiaienal cortex aie com- 
mon in h) pei tension, but it is the medulla which secietes epinephrine, 
and changes aie iaiel) found theie 

In the piesent state of knowledge the theoiy that hypeiadienalemia 
causes the distuibance in caibohydrate metabolism cannot be pioved 

When oi*e consideis the fact that m diabetes mellitus the explanation 
of the pathologic ph\ siology is still in the stage of “theones,” it is not 
stiange that we should be in the daik about the mechanism concerned 
m the disturbance of carbohydiate metabolism in hypei tension Our 
object in pei forming this work was twofold (1) to confirm that a 
disturbance of caibohidiate metabolism does exist, and (2) to deter- 
mine its relation to diabetes mellitus Fiom our obseivations it can be 
deduced that a disturbance exists in all cases of hypertension that 
aie not related to diabetes Much moie leseaich of carbohydiate 
metabolism in general is necessaiy before w^e can hope to explain the 
pathologic physiology of this condition 

30 Lusk, G The Alleged Influence of the Adrenals on Diabetic Metabolism 
Arch Int Med 13 673 (May) 1914 

31 Vaquez, quoted by Oppenheimer, B S , and Fishberg, A M Association 
of Hypertension with Suprarenal Tumors, Arch Int Med 34 631 (Nov ) 1924 

32 Janeway, T C Nephritic Hypei tension, Am J M Sc 145 638, 1913 

33 Broking, E, and Trendelenburg, P Adi enahnnaclnveis und Adrenalin- 
gehalt des menschhchen Blutes, Deutsches Arch f klin Med 103 163, 1911 

34 Stewart, G N So-Called Biological Tests for Adrenalin m Blood, with 
Some Observations on Arterial Hypertonus, J Exper Med 14 377, 1911 
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SUJIM N.RY AND CONCLUSIONS 

A dextiose toleiance test was pei formed on ten patients suftenng 
trom hypei tension The blood sugar and the lespuatory quotient cuives 
were studied simultaneously In six of the ten cases the blood sugai 
during fasting was higher than normal It was shown that all patients 
with hypertension have high blood sugar cuives The respiratory 
quotient cuives were normal m nine of the ten cases This is adequate 
proot that theie is no diminution in the secietion of insulin in hypei - 
tension, and that these patients aie neithei potentially noi mildly 
diabetic It dispioves the theory that the disturbance in carbohydrate 
metabolism in hypei tension is caused by sclerosis of the blood vessels of 
the pancreas In the case in which the respuatory quotient cuive was 
lowei than noimal, diabetes mellitus, independent of the hypeitension, 
could be considered to exist 

The theoiy that hyperadrenalenna is the cause of the distuibance 
cannot be proved in the present state ot knowledge 

The mechanism concerned in producing this distuibance in cai bo- 
hydrate metabolism in hypertension is unknown and awaits fuithei 
leseaich foi its elucidation 



PROGRESSIVE THROMBOSIS OF THE PULMONARY 

ARTERY ! 
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KOCKTORD, ILL 

Although the fatal pulmonaiy thiomboses usually follow majoi opeia- 
tions 01 aie postpueipeial, yet puiely medical thrombi do occui, and 
m the ai ten the lattei aie move fiequently pnmaiy than embolic 
The facts that the pulmonaiy aiteiy functions as a vein and that the 
blood it coineys is moie venous than that in any othei vein lead it to 
the same thiombotic accidents to which veins elsewheie are subjected 
Sepsis, anesthesia, atheiomatous changes, stasis in the blood stieam 
and low blood piessuie all piedispose to the foimation of a thiombus, 
and the case lepoited heie lllustiates, we believe, such a combination 
of etiologic factois 

REPORT. Or CASE 

Histoiy — A shop foreman, aged 39, entered Rockford Hospital on Oct 20, 
1929, complaining ot a general sense of umest, malaise, anorexia, palpitation, 
shortness of breath, easy fatigue and some aching through the chest He had 
alwajs been a hard workei Four weeks prior to admittance, he had experienced 
an acute respiratory infection, consisting of congestion in the head and a mild 
cough This lasted three or foui days, and the patient dated the foregoing symp- 
toms from this tune Eight months prior to the present illness, he had an attack 
of pain on defecation with explosive stools containing some blood and mucus 
There were two or three stools a day during this attack, which lasted three weeks 
Belching and flatulence aftei heavy meals persisted, but the stools became well 
formed, normal in number and contained no blood or mucus 

The father died of a stroke at the age of 63 The mother was living and well 

Examination — The patient apparently was not seriously ill The head, throat 
and neck were normal The lungs were clear and resonant throughout , the cardiac 
rate was regular, and the heart was not enlarged , a soft systolic and diastolic 
murmur was heard at the apex 

There were no masses, tenderness or enlarged viscera in the abdomen The 
lymph glands over the body were not enlarged, and the reflexes were normal No 
foci of infection were found in the teeth, tonsils, sinuses or piostate 

Throughout the patient’s stay in the hospital, his pulse rate ranged from 80 
to 100, his temperature from 97 to 99 F , and his respiration from 20 to 30 The 
blood pressure was 108 systolic and 70 diastolic 

' Submitted for publication, Oct 5, 1930 

* From the Departments of Internal Medicine and Pathology of Rockford 
Hospital 
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A blood culture \\ as sterile The Kahn test was negativ e The blood count 
rev ealed hemoglobin, 83 per cent , red blood cells, 4,300,000 , white blood cells, 
11,350, pol> morphonuclears, 5 7 per cent, cos nophils, 1 per cent, basophils, 1 per 
cent, lymphocytes, 36 per cent, large mononuclears, 4 per cent The red b'ood 
corpuscles were normal in size, shape and staining 

Chemical and microscopic examination of the urine gave negative lesults No 
blood, pus, parasites or ova were found m the stool A loentgenogram of the 



1 lg 1 — Roentgenogram showing the thrombus in the pulmonary artery on the 
right side 

(best showed increased density of the shadow of the right pulmonary artery, but 
its significance was not recognized before death 

Com Si — After twentv-four hours m bed, the patient felt very comfortable, the 
pam m his chest and lus general discomfoit having subsided On October 24, 
he was feeling better than at any time in the past two weeks His heart was 
ci met , no murmurs or irregularities were heard, and there was no fever As the 
blood culture was negative, the diagnosis of myocardial injury following the acute 
lespiratorv infection was thought probable 

On October 25, the patient had more dyspnea , the heart showed premature 
contractions, and a diastolic murmur returned 
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On October 26, lie had distress and gas in the upper part of the abdomen and 
passed a model ate amount of dark blood in the stool This disappeared in twenty- 
fotu hours, and did not recui 

On October 29, after a good night’s rest, the patient awoke and suddenly 
became dyspneic and cyanotic This condition gradually progressed, his pulse 
became weaker, and he died late in the afternoon He did not show the pallor of 
hemorrhage but cyanosis due to failure of the right side of the heart predominated 
Autopsy — The peritoneal, pleural and pericardial cavities were normal Ihe 
heart weighed 360 Gm The right auricle was somewhat dilated The cauliac 



Fig 2 — Print ot the roentgenogram in figure 1 retouched to show the sue and 
position of the thrombus 


muscle was reddish brown and firm, and the endocardium was smooth throughout 
The valves w'ere thin, delicate and smooth The papillary muscles and chordae 
tendonae were normal Ihe coronarj vessels w'ere pliable and not occluded 11 k 
aortic arch was not dilated There was no gross atherosclerosis 

The muscle cells w'ere not hypertrophied There were some fragmentation, 
indistinct striation and vacuolization of fibers under the endocardium Several 
sections through the coronary vessels were entirely normal 

The mtima of the whole aorta was smooth, with no gross atherosclerosis 
The lungs crepitated, and the cut surface showed no solid areas except foi 
about 1 cm of the peripheral portion of the light lung, which w'as apparently 




Fig 3 — Photograph of the right lung sectioned through the lulus, showing the 
thrombi in the pulmonary artery and its branches A indicates the main artery, 
completely occluded Note that all but a small portion is an old thrombus Note 
the demarcation ( B ) between old and new parts of the thrombus The thrombus 
(C) here is old but does not completely occlude the vessel 



big 4 Photomicrograph through the wall of the pulmonary artery at the 
site ot the older part of the thrombus Note organization (d), canalization ( B ) 
and lamellated clot (C) 




Fig 6 — Photomicrograph of a section taken at the periphery of the right lung 
This whole area is the seat of hemorrhagic infarction 
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solid and vcrv bloody "I lie lung from this portion to the lulus was spongy and 
quite normal, except that in the lulus one found the pulmonarv aitery completely 
filled with a thrombus All of tins tlnombus, except a small poition at one 
extremity, was old, gray and firmly fixed around the whole peripheiy The newei 
portion was red Immediately adjacent was the bronchus, and numerous lymph 
glands lay beside the branches of the pulmonary artery The thrombus extended 
into the ramification of the artery, but some of the branches were not completely 
occluded The left lung showed a similar condition, except that most of the 
thrombus was new It was, however, definitely fast to the wall 

A microscopic section at the periphery of the lung showed an area from 3 to 5 
mm in depth (just beneath and including the pleural surface) to be the seat of 
recent hemorrhagic infarction Sections through the pulmonaiy arteiy showed 
an old thrombus with advanced oigamzation The thrombus was firmly attached 
throughout nine tenths of its circumference There was some canalization of the 
oldest portions About one tenth of the thrombus yvas new 

The bronchus showed evidence of acute inflammation with pol\ morphonuclenrs 
veiv numerous just beneath the epithelium The lymph glands were also chron- 
ically diseased, and there was a definite aiteritis of the wall ot the pulmonaiy 
artery where it was m contact with the lymph glands 

The liver, gastro-intestinal tract, spleen, supiaienals, kidneys, pelvic viscera 
and lvmphatic stiuctures were normal The bone mariow, the organs of the 
neck, skull, sinuses and the spinal cord were not examined 


COMMENT 

The patient had definite symptoms foi some time pnoi to death, 
but these suddenly became aggiatated and tei initiated fatally in a 
i datively shoit time Postmodern examination levealed thiombo- 
aiteiitis of the pulmonaiy aitei} with complete occlusion The thiom- 
bus was of some age, being well oigamzed and m places canalized, 
though old the thrombus became complete only duiing the last few 
houis, as is shown positnely by the newei poitions of the tlnombus 
The tlnombus on the left side was much less extensive, and piobably 
the lesult of light-sided letiogiession Theie was no evidence of 
clnonie congestion, showing that the heait was competent up to the 
time of the last sudden occlusion 

Had ve been able to mteipiet the loentgen evidence piopeily, oui 
diagnosis would have been simplified 

e believe this to be a case of thiombo-aiteiitis, pnmaiy m the 
pulmonaiy arteiy and not embolic The sequence of events may have 
been (1) acute lespnatoiy infection occuning five weeks befoie death 
lesulting in (2) lymphadenitis and bionchitis, this infection extended 
into the pulmonary aiterv as an (3) aitentis The high coagulability 
of the venous blood m the pulmonaiy aiteiv accompanying the sepsis 
together with a low blood piessuie slowing the stieam ovei a damaged 
aitery lining, pioduced (4) a tlnombus which v\as not extensive enough 
to cause death at that time Latei, aftei a good night’s lest, with 
slowing of the blood stream dui mg sleep (5) anothei tlnombus foimed 
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and the s} niptoms appealed with the activity on awakening (6) Death 
did not otcui until the new poition had letiogiessed far enough to 
occlude the laigei pulmonan blanches 

Theie was no attack of sudden pain, as is usual in cases of embolism, 
noi was an} source foi emboli found 

Had this patient lned longei, the complete s}ndiome on which 
the diagnosis of A)eiza’s disease could be made might have de\ eloped — 
hypeitroph} of the light side of the heait fiom the extia woik thiown 
on it, pol} cytheuna, fiom the demand foi moie ox\gen cameis, 
sclerosis of the pulmonan aiten , chiomc cough, cianosis, and latei 
set tons cardiac failuie 



THE DYNAMICS OF THE CIRCULATION IN 
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A CARLTON ERNSTENE, MD 
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Coaictation of the aoita 01 stenosis of the aoitic isthmus is of con- 
siderable interest, not only because of its rarity, but also because 
artenal hypei tension is piactically always piesent Aitenal hypei ten- 
sion exists above the level of the stenosis in this condition m the absence 
of renal lesions, aitenoscleiosis or other complicating factois 
The blood piessuie below the level of the stenosis is much lower 
Coarctation of the aorta, therefoie, piesents an unusual oppoitumty 
to compaie in the same person the dynamics of the cuculation in 
arterial hypei tension as it exists above the coai ctation with the dynamics 
of blood flow undei lowei piessure below the level of the stenosis 

Coarctation of the aorta has been diagnosed clinically in almost 
eighty patients, but no studies of the blood flow have hitheito been 
recoided The puipose of this communication is to present the clinical 
obseivations in two patients with coaictation of the aoita, togethei with 
the ox}. gen capacity and content of the arterial and venous blood of 
the aims as compaied to that of the legs, the tracings of the pulse of the 
caiotid, brachial and femoial aitenes, the blood pressuie in the 
upper and lowei extiemities, the aitenolar piessuie above and below 
the level ot the stenosis, and measuiements of the velocity of blood 
flow’’ by the ladioactne method above and below the coaictation of the 
aoita The embiyology, clinical obsei\ations, pathology and diagnostic 

Submitted for publication, Aug 13, 1930 
J ' From the Medical Research Laboratories of the Beth Israel Hospital, the 
Thorndike Memorial Laboratory at the Boston City Hospital, and the Department 
of Medicine, Harvard Medical School 
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ciitena have been aclmnably ie\ tewed by Km ^, 1 Blackfoid , 2 Hamilton 
and Abbott , 3 and Abbott , 4 and will not be lepeated heie 

REPORT OF CASES 

Case 1 — Histoiy — D W, an unusually well developed white man, a teamster, 
aged 47, entered the hospital complaining of shortness of bieath of four months’ 
duration Ihe family and marital histories were irrelevant Except for an acute 
left mastoiditis fifteen years previously, the patient had always felt well and had 
had no symptoms referable to the cardiovascular or other systems 

Five years previously, the patient had noted occasional cramps and increasing 
weakness of both legs He had been able, nevertheless, to continue work as a 
teamster, lifting boxes that weighed from 150 to 200 pounds (68 to 90 Kg ) 
many times every day Four months before entry, he had symptoms of acute 
bronchitis, remained m bed three days, and then attempted to work Shortness 
of breath became progressively more marked, particularly on lifting heavy boxes 
and on walking quickly The cough also became worse, with paroxysmal exacer- 
bations at night Eleven weeks before admission 1 to the hospital, he observed the 
onset of conspicuous palpitation of the heart, and was forced to use three pillows 
at night Nine weeks before entry, he noticed a viselike pressure that was refera- 
ble to the upper part of the sternum This sensation of pressure was aggravated 
by exertion, but it did not radiate and was never associated with actual pam 
He had not noticed edema at any time In spite of these symptoms, he continued 
to work, but finally, eight weeks before admission to this hospital, he was sd 
troubled by dyspnea and weakness that he was forced to enter the Boston City 
Hospital At that time physical examination showed essentially the same find- 
ings as those noted latei, except that the skin and sclerae were subicteric, signs 
of fluid were present over the base of the right side of the chest, and medium 
and coarse rales were heard elsewhere over the lungs The signs of congestive 
failure gradually disappeared, and after four weeks, the patient was able to leave 
the hospital 

Physical Examination — Physical examination directly pnoi to our observa- 
tions on June 3, 1929, showed an unusually well developed man The pupils reacted 
normally Ophthalmoscopic examination showed slight but definite arteriosclerosis 
of the retinal vessels Heaving systolic pulsations of the caiotid arteries were 
equally prominent in both sides of the neck The right subclavian pulsation was 
greater than the left No thrills were palpable over these vessels 

The thorax was symmetrical, normal in shape and expanded equally Several 
tortuous, visibly pulsating -vessels were noted over the back (fig 1) There were 

1 King, J T, Jr Stenosis of the Isthmus (Coarctation) of the Aorta and 
Its Diagnosis During Life, Arch Int Med 38 69 (July) 1926 

2 Blackford, L M Coarctation of the Aorta, Arch Int Med 41 702 (May) 

1928 

3 Hamilton, W F, and Abbott, M E Coarctation of the Aorta of the 
Adult Type I Complete Obliteration of the Descending Arch at Insertion of 
the Ductus in a Boy of Fourteen, Bicuspid Aortic Valve, Impending Rupture 
of the Aorta, Cerebral Death, Am Heart J 3 381, 1928 

4 Abbott, M E Coarctation of the Aorta of the Adult Type II A 
Statistical Study and Historical Retrospect of 200 Recorded Cases, with Autopsy, 
of Stenosis or Obliteration of the Descending Arch in Subjects Above the Age 
of Two Years, Am Heart J 3 392, 1928 
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no thrills or murmurs over fliese vessels The percussion note and breath sounds 
over both lungs were normal No rales were heard The apex impulse of the 
heart was normal and was felt in the fifth interspace 11 cm from the nudsternal 
line No thrills were present Relative cardiac dulness extended 11 cm to the 
left and 4 cm to the right of the midsternal line Supracardiac dulness measured 
6 cm A soft systolic murmur was heard over the mitral area, and a harsh 
systolic murmur was audible in the supraclavicular fossae, the axillae and over 
the great vessels of the neck, especially on the right There were no diastolic 
murmurs, and there was no systolic murmur in the interscapular region The 



1 ig 1 (case 1) — Posterior view showing the superficial vessels of the collat- 
eral circulation The luurst of the dilated, pulsating arteries has been outlined 
with a skm-marking ptncil The pulsations in these vessels were obliterated b> 
pressuie laterallj on the m bscapular arteries The flow of blood evidently was 
backward toward the aorta 


radial pulses were equal s\ nchronous, bounding in quality, and of high tension 
The vessel walls were shghtlv tortuous and thickened The femoral artenal 
pulsations were feeble, and the popliteal and posterior tibial pulsations were barely 
palpable Pulsation of the ct» i sails pedis arteries could not be felt Examination 
of the legs gave otherwise negative results 

Examination of the abdomen revealed no abnormalities except for a few super- 
ficial, dilated, pulsating arteries in the upper part of the abdominal wall Pulsa- 
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tion of the abdominal aorta could not be felt Rectal examination revealed nothing 
abnormal The temperature, respiratory rate and pulse rate were normal during 
the period of observation The patient weighed 718 Kg, and was 166 cm in 
height 

Clinical Pathology — Repeated urinalyses gave negatne results The red blood 
cells numbered 5,260,000 per cubic millimeter, and there was 90 per cent hemo- 
globin as measured by the Sahli method The white blood cells varied from 
6,200 to 10,500 per cubic millimeter, and the various types of cells occurred in 
normal proportions The Kahn reaction of the blood was negative The non- 
protein nitrogen of the blood was 31 mg per hundred cubic centimeters The 
phenolsulphonphthalein excretion was 35 per cent in two hours and ten minutes 

Electi oca> diogi ams — Electrocardiographic tracings showed normal sinus 
rhvthm, a rate of seientv per minute and left axis deviation The duration ot the 



Fig 2 (case 1) — Roentgenogram of the chest, showing the erosion of the 
lowei boideis ot the ribs on both sides The scalloping extends forward approxi- 
mately to the posterior axillary line 

Q R S complex was 0 12 seconds, that of the P-R interval was 0 18 seconds The 
T wave was diphasic m all leads The Q R S complexes m leads II and III were 
notched 

Rocntgcnogi ams — Roentgenographic films of the chest showed extensive irreg- 
ularity of the inferior borders of the ribs posteriorly, extending forward approxi- 
mately to the posterior axillary line (fig 2) This deformity probably was due to 
erosion by the pulsating, tortuous vessels of the collateral circulation 5 The cardiac 
measurements according to a roentgenogram taken at a distance of 7 feet (213 cm ) 


5 Railsback, O C , and Dock, W Erosion of the Ribs Due to Stenosis 
of the Isthmus (Coarctation) of the Aorta, Radiology 12 58, 1929 
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were normal Examination of the skull showed no definite evidence of cranial 
or intracranial abnormalities Fluoroscopy of the chest bj Dr Samuel A Robins 
showed a moderate degree of emphysema Forcible pulsations could be seen at 
the base of the heart and in the ascending portion of the aorta These pulsations 
terminated in a narrow, triangular area situated posteriorly in the thoracic cavity 
at about the level of the angle of Ludwig The descending portion of the aorta 
could not be made out definitely The esophagus showed no abnormalities or 
transmitted pulsations 

Pulse T lacings — Tracings of the cardiac impulse and the carotid, radial and 
femoral pulse waves were recorded with a Sanborn-Mackenzie polygraph The 
radial pulse wave occurred approximately 025 seconds after the cardiac impulse 
and approximately 015 seconds after the carotid pulse wave These time relation- 
ships mar be considered normal The femoral pulse w f a\e, instead of preceding the 
radial pulse wave bv from 0 01 to 0 02 seconds as normally, followed the radial 
pulse waie by approximately 015 seconds (fig 3) There was characteristic flat- 


A 



B 



j i >..i. » il.,* <i-i >-. <i . . . a .« 1 > « » — t » i » »- * —t j 1 i i « . » » iii. 

Fig 3 — Simultaneous tracing of the radial (a) and femoral (h) pulse waves 
A correction of — 0 15 seconds is necessary for the time of onset of the femoral 
wave because of the difference m the length of the lever arms of the apparatus 
at the le\ els recorded on the tape The femoral pulse wave occurs 0 15 seconds 
after the radial pulse wa\e 


tening and prolongation of the femoral wave due to the circuitous path that the 
pulse followed in reaching the femoral arteries 

Blood Piessme Miasuu ments — In the measurements of blood pressure, that of 
the right and left brachial arteries were equal and averaged 164 mm of mercury 
systolic and 94 mm of mercury diastolic The standard mercury manometer with 
a cuff 14 cm m width was used 

A special cuff, 20 cm m width, was used m measuring the femoral blood 
pressure The pressure was taken by auscultation over the popliteal artery with 
the cuff about the upper part of the thigh The systolic pressure was 88 mm of 
mercury and the diastolic, /6 mm of mercury 

YV ith a cuff about the calf of the leg and when the posterior tibial artery was 
palpated, the svstolic pressure was 80 
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Capillary and ai teriolar pressures 0 were measured according to the method 
used by Lewis and Haynal Ca and by Ellis and Weiss 6 7 8 Open and closed capsules 
were used for the measurement of capillary pressure, and the closed capsule alone 
for arteriolar pressure Over the sternum, the capillary pressue w as 4 mm , 
and the arteriolar pressure SO mm of mercury Over the lateral aspect of the 
upper part of the arm, the arteriolar pressure was 50 mm , and over the lateral 
aspect of the upper part of the thigh, 45 mm of mercury 

Blood Volume Mcasm cments — The volume of the blood and of the plasma 
were measured by the brilliant vital red dye method used by Thompson s The dye 
was injected into the right antecubital vein, and the sample of blood was taken 
from the femoral vein The results are shown in table 1 

Blood Gas Mcasm l incuts — Duplicate measurements were made of the oxygen 
content and capacity of blood from the brachial artery, antecubital vein, iemoral 
artery and femoral vein The Van Slyke-Neill manometric apparatus 9 was used 
The results are piesented m table 2 

T \ble 1 — Blood Volume Mcasm cments in Case 1 



Average 

Observed 


Normal Vulues, 

Values, 


Cc 

Cc 

Total plasma volume 

3,550 

3,460 

Total blood volume 

6,035 

6,600 

Plasma volume per kilogram 

50 

49 

Blood volume per kilogram 

S5 

93 


6 By “capillaiy pressure” is meant the pressure necessaij to cause minimal 
distinct blanching of the skin by compression of subpapillar\ \enules 

By “arteriolar pressure” is meant the pressure transmitted to the subpapillary 
venules after dilatation ot the arterioles and capillaries by histamine The basis 
for believing that this pressure is due chiefly to arteriolar dilatation is 
presented by Lewis and Haynal To what extent this pressure denotes the 
pressure in the “strongly muscled arterioles” cannot be stated since dilatation 
of the strongly muscled arterioles (the arched arterioles and the arterioles in the 
subpapillary network) and of the arterioles of the “minute vessels” (terminal 
arterioles) are important but indeterminate factors Moreover, the degree to 
which these influences are opposed by capillary tone and frictional resistance 
cannot be stated precisely As used in the present communication, the measure- 
ments of arteriolar pressure represent comparative values rather than quantita- 
tively — precise measurements 

6a Lewis, T , and Haynal, I Observations Relating to the Tone of the 
Minute Vessels of the Human Skin, with Remarks upon and Illustrations of 
Measurements of Pressure Within These Vessels, Heart 14 177, 1928 

7 Ellis, L B, and Weiss, S The Measurement of Capillary Pressure 
under Natural Conditions and after Arteriolar Dilatation in Normal Subjects and 
in Patients with Arterial Hypertension and with Arteriosclerosis, J Clin Investi- 
gation 8 47, 1929 

8 Thompson, W O Studies in Blood Volume I The Blood Volume in 
Myxedema with a Comparison of Plasma Volume Changes in Myxedema and 
Cardiac Edema, J Clin Investigation 2 477, 1926 

9 Van Slyke, D D , and Neill, J M The Determination of Gases m Blood 
and Other Solutions by Vacuum Extraction and Manometric Measurement J 
Biol Chem 61 523, 1924 
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Blood I Jocitv Measurements— The velocity of blood flow of the lesser and 
gi eater circulations was measured by the radioactive method 10 At the time these 
measurements were made, the pulse rate averaged 60 per minute, and was not 
significantly altered by the technical procedure The \ital capacity of the lungs 
averaged 4 3 liters, or 2 4 liters per square meter of body surface, which is 96 per 
cent of the average for normal persons A summary of the measurements of the 
velocity of circulation is presented m table 3 

CASr 2— History— T M, a white man, aged 66, a retired freight handler, was 
referred to us through the courtesy of "Dr Henry A Christian He was first 
admitted to the Peter Bent Brigham Hospital in February, 1918, complaining of 
shortness of breath on slight exertion, cough and palpitation of about five years 
duration These symptoms had become progressively worse during the preceding 
three weeks Physical examination revealed an enlarged heart with a blowing 


Tabu 2 — The Utilization of Oivacn in Two Resting Subjects with Coai ctation 

of tin doita 



Subject D \\ 

Subject T 11 

Braeln il artel j 

Oxygen content, pel cult In \oluim 

17 73 

1G 07 

Oxjgen capacity, per cent bj \oluim 

10 04 

17 SO 

Percentage saturation 

<'0 3 

S9 9 

Intceubit tl vein 

Oxygen content, per cent b\ volume 

10 11 

0 71 

Oxjgen capacity, pci cent by volume 

19 Sj 

17 S5 

Percentage s iteration 

SI 2 

'4 4 

1 unoral artery 

Oxvgen content pi r cent bj volume 

17 74 


Oxjgen capacitv, pci cent by volume 

20 


X’ercentage saturation 

S7 2 


Junoial em 

Oxjgen content, per eent by volume 

13 S'> 

Gal 

Oxygen c ipacitj per eent bv volume 

19 77 

17 97 

Percentage satur ition 

70 1 

31 4 

Uteriovenous difference 

tun, p"r cent by volume 

1 02 

G 30 

I ig per cent b volumi 

oS9 

10 30 


systolic murmur over the entire precordium, auricular hbrillation, advanced gen- 
eralized arteriosclerosis and the signs of infiltration of both apexes Numerous 
line and medium moist rales were heard everywhere over the chest, especially at 
the apexes Tubercle bacilli were found m the sputum A large, tortuous artery 
was noted m the right side of the neck and a similar though smaller one in the left 
side The brachial blood pressure was 130 mm of mercury systolic and 95 mm 
ot mercuiv diastolic The diagnosis was chronic tuberculosis of the lungs, 
enlargement of the heart, myocardial insufficiency, auricular fibrillation and gen- 
eralized arteriosclerosis With rest in bed and the administration of digitalis, 
nnpro\ement was rapid at the end of three weeks the patient was transferred to 
the state sanatorium He remained theie for eleven days and then decamped 

10 Blumgart, H L, and Yens, 0 C Studies on the Velocity of Blood Flow 
I The Method Utilized, J Clin Investigation 4 1, 1927 Blumgart, H L , and 
M eiss, S Studies on the Velocity of Blood Flow' VII The Pulmonary Cir- 
culation Time in Normal Resting Individuals, ibid 4 399, 1927, X The Relation 
Between the Velocity of Blood Flow, the Venous Pressure and the Vital Capacity 
of the Lungs in Fifty Patients with Cardiovascular Disease Compared with 
Similar Measurements in Fife Normal Persons ibid 5 379, 1928 
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From March, 1918, to January, 1930, the patient was admitted thirty times to 
the Peter Bent Brigham Hospital because of mild congestive heart failure and 
bronchitis that always subsided after a few weeks of treatment In IS 19, increased 
tortuosity and prominence of the subclavian and subscapular as well as of the 
radial, brachial and temporal arteries were noted In October, 1922, tortuous 
pulsating vessels were observed, extending symmetrically from both axillae to 
the mfrascapular and mterscapular region Further examination of the vascular 
s>stem showed essentially the same findings as at the time of our observations, and 
therefore the diagnosis of coarctation of the aorta was made 

The patient was admitted to the Beth Israel Hospital on Jan 6, 1930 Although 
he had dyspnea on slight exertion and a moderately severe cough he had been 



Fig 4 (case 2) — A showing the dilated arteries of the neck and anterior 
thorax B showing the superficial vessels of the collateral circulation 


feeling well He had not worked for eight years His feet had felt cold con- 
stant!} for man} years, and occasionally, at night, ci amplike pains in the calves 
of the legs had troubled him 

Physical Examination — Examination showed a well developed but under- 
nourished white man propped up in bed on three pillows, coughing at frequent 
intervals, and raising a small amount of mucopurulent sputum There was no 
respirator} discomfort between paroxysms of coughing Both pupils were slightly 
irregular, and the left was larger than the right Ophthalmoscopic examination 
revealed advanced tortuosity of the vessels with slight arteriovenous nicking 
The lips were slightly cyanotic The thorax was symmetrical, long and narrow 
and moderately flattened in the anteroposterior diameter The mfraclavicular and 
supraclavicular fossae were prominent Expansion of the lungs was somewhat 
limited but equal on the two sides Hoover’s sign was positive The apex 
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impulse of the heart was felt in the fifth interspace, 10 cm, from the miclsternal 
line A coarse systolic thrill was felt over the entire precordium Relative cardiac 
dulness extended 12 cm to the left and 3 S cm to the right of the midsternal line 
Supracardiac dulness measured 7 cm On auscultation, a harsh, blowing, systolic 
murmur was heard over the entire precordium with points of maximum intensity 
at the apex and in the lett second interspace A murmur of similar quality was 
heard in the mterscapular region The heart rhythm was completely irregular, 
the rate was 56 per minute There was dulness on percussion over both apexes 
of the lungs posteriorly and over the apex of the left lung anteriorly Numerous 
persistent fine crepitant rales were heard over the upper part of the back and front 
of the chest A few sibilant and sonorous rales were heard over various parts 
of the chest All of the superficial arteries were markedly thickened and tortuous 
Forcible pulsations were seen over the course of the transverse cervical and sub- 
clavian arteries in both sides of the neck and over the subclavian arteries m both 
infraclavicular fossae (fig 4 A) Systolic thrills and murmurs were present over 
these vessels The subscapular arteries were dilated and easily palpable On the 
right side of the thorax anteriorly, a small pulsating vessel was seen and felt over 
the costal cartilages of the seventh and eighth ribs (fig 4A) Several pulsating, 
dilated arteries were seen and felt over both sides of the back, extending posteriorly 
from the subscapular artery (fig 45) The pulsation in the larger vessels could be 
obliterated by pressure on the subscapular artery The radial pulses were small, 
equal, synchronous and completely irregular, and there was a deficit in the pulse 
rate of 4 or 5 beats per minute On palpation, the pulse waves in the femoral 
arteries were approximately equal to those in the radial arteries, but the popliteal 
and dorsalis pedis pulses were barely perceptible Neither posterior tibial pulse 
could be felt Examination of the abdomen gave negative results The pulsation 
of the abdominal aorta could not be felt Rectal examination revealed moderate 
enlargement of the prostate Examination of the extremities ga\e negative 
results except for a definitely subnormal temperature of the feet Neurologic 
examination mealed no abnormalities The temperature and the respiratory rate 
were normal during the patient’s stay in the hospital The patient weighed 57 5 
Kg, and was 169 cm in height The vital capacity of the lungs was 1,800 cc 

Clinical Pathology — The red blood cells numbered 4,640,000 per cubic milli- 
meter, and there was 75 per cent of hemoglobin as measured by the Sahli method 
The white blood cells numbered 6,900 per cubic millimeter The differential 
count of the cells and the number of blood platelets were normal The blood 
sugar and nonprotem nitrogen w r ere within normal limits The Wassermann 
reaction of the blood was negative The urine was negative on repeated exam- 
inations The phenolsulphonphthalein excretion was 40 per cent in two houis 
and ten minutes 

Elect) ocai diogi ams — Electrocardiographic tracings showed auricular fibrilla- 
tion, a ventricular late of 60 per minute and mtraventriculai block of the right 
bundle branch type 

Rocntgcnogt ams — Roentgenographic examination of the chest revealed coarse 
mottling throughout both uppei lobes and small cavities in the apex of the right 
lung The hilar regions w r ere considerably increased in width and density There 
w r as advanced erosion of the inferior borders of the ribs, extending forward 
approximately to the posterior axillary line (fig 5) The cardiac measurements 
as shown by a roentgenogram taken at a distance of 7 feet (213 cm ) showed 



BLUM GARY ET AL—COARCTAI ION OF AORTA 


815 


moderate transverse enlargement of the heart Fluoroscopic examination of the 
chest by Dr Samuel A Robins showed the transverse arch of the aorta somewhat 
pointed and incompletely visualized 

Pulse Tracings — The radial pulse wave appeared approximately 0 05 seconds 
later than the carotid pulse wave and approximately 005 seconds before the 
femoral pulse wave Normally, the femoral preceeds the radial pulse wave by 
from 0 01 to 0 02 seconds 

Blood Piessuic Mcasit) ements — The blood pressure was approximately the 
same in both arms The average of a series of measurements was 171 mm of 



\ 


1 



Fig 5 (case 2) — Erosion of the lower borders of the ribs 


mercury systolic and 96 mm of mercury diastolic On all occasions the systolic 
pressure measured by the palpatory method was only a few millimeters lower than 
by the auscultatory method 

The femoral systolic blood pressure was obtained by placing a special cuff, 20 
cm wide, about the middle of the thigh and palpating the dorsalis pedis artery 
The average of a series of measurements was 123 mm of mercury 

The capillary pressure over the sternum was 5 mm , and the arteriolar pressure, 
50 mm of mercury Over the lateral aspect of the upper part of the arm and 
upper part of the thigh, the arteriolar pressure was 50 mm of mercury 



816 


ARCHIVES Of INTERNAL MEDICINE 


Blood Gas Mcasm enunts — Duplicate measurements were made of the oxygen 
content and capacity of blood from the brachial artery, antecubital vem and 
femoral vein The results are presented in table 2 

CLINICAL CONSIDERATIONS 

Diagnosis — The diagnosis of coaictation of the aorta was established 
m both patients by (1) the presence of h>pei tension in the vessels 
of the arms as conti asted with the relatively low blood pressure in 
the legs, (2) the evidence of extensive collateral arterial circulation 
observed on physical examination and also made apparent by the 
erosions of the ribs seen in the roentgenogi ams of the chest, and (3) 
the diminution and letardation of the artenal pulses in the legs 

Piesence of Othei Congcntial Anomalies — Although the infantile 
form of coaictation of the aorta fiequently is associated with othei 
conspicuous congenital anomalies the adult form is usually free fiom 
such gross abnormalities Caieful clinical search foi developmental 
anomalies m oui patients was without success, although one cannot 
state whether any minor abnormalities will be found eventually on post- 
mortem examination 

Degiee of Stenosis — The anatomic degiee of stenosis in oui patients 
cannot be stated, but the numeious widely dilated collateral pulsating 
vessels, the loweied blood piessuie in the legs and, m the fiist patient, 
the feeble pulsations of the femoral artenes indicated a model ate or 
extieme degiee of coarctation Abbott 4 stated that m 155 of the 200 
cases analyzed b) hei, the lumen of the aoita was l educed to 6 mm oi 
less 

Collate) al Cv dilation- — In both patients the pulsating vessels ovei 
the back, epigastnum and the lower antenoi pait of the thoiax, togethei 
with the prominent subclavian and subscapulai artenes, indicated that 
the collateral cu dilation was accomplished mainly by the following 
loutes (1) bv anastomoses between the superior intercostal aiteiy of 
the subclavian and the first aoitic intei costal that arises from the aorta 
just below the site of the constnction , (2) by anastomoses between 
the aortic intei costals and the subscapulai artery and its blanches, 
particularly the cncumflex scapulae, and (3) by the internal mammary 
aiteries and then anastomoses with the aoitic mtercostals The fact that 
the erosion of the mferioi boideis of the nbs observed in the loentgen- 
ograms of both patients extended only as far forwaul as the posterior 
axillary line suggests that the collateial channels between the internal 
mammary arteries and the aoitic mtercostals were not extensively 
developed In neithei patient could the deep epigastric artenes be felt 
In the second patient, the piominent transverse cervical aiteries indi- 
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catecl that these vessels also played an important idle in the collateral 
cu culation, probably by way of the anastomoses of the posterior scapular 
with the subscapular and cncumflex scapular arteries 

Ccndiac Signs — Abbott 4 found caidiac hypertrophy and dilatation 
m 150 of the senes of 200 cases It is not an essential feature, how- 
evei, since patients have lived to the age of 92 with almost complete 
atresia of the aorta, but without hypertrophy and dilatation of the 
heait 11 In our first patient the heart was of normal size, while in 
the second it was definitely enlarged The fust patient showed none 
of the chaiacteristic vascular murmurs usually evident in coarctation of 
the aoita The second patient, however, presented the following fre- 
quently obseived findings (1) a systolic murmur over the mter- 
scapulai region similai to the muimur noted by King 1 m his four 
cases, and (2) a loud, harsh piecordial murmui 

Relation between Com ctation of the Aoita and Cu dilatory Failure — 
One hundred and fort) -eight or 74 pei cent of the patients in the cases 
analyzed by Abbott, 4 died befoie or during the foitieth yeai of hie 
Our patients did not experience then first symptoms until after the 
age of 40, and aie theiefoie somewhat unusual m this respect Through- 
out the period of giowth, and m latei years, the collateral circulation 
evidently had kept pace with the mci easing demands This extiaoidmaiy 
feature was emphasized by Hamilton and Abbott 3 and is the moie 
exceptional m out patients in view of the nature of their work In the 
first patient the sole mam testation of diminished flow of blood below 
the coarctation was the appearance of ciamps m the legs on unusual 
exeition several times during the preceding five yeais King’s 1 first 
patient likewise had intei mittent claudication and, like our patient D W , 
did exceptionally heav\ work In oui second patient, diminution of 
blood flow m the lower extienuties was indicated by subnormal tempeia- 
tuie of the feet and occasional nocturnal cramps m the legs 

In neither patient was the inception of congestive failure associated 
with any unusual strain In the first patient, the initial symptoms 
were those of bronchitis In the second patient, the relation of auricular 
fibi illation and pulmonary tuberculosis to the initial appeal ance of 
myocardial failure cannot be stated In both patients the increased work 
of the heart for many years in the presence of artenal hypertension 
was probably the primary factor leading to cardiac failui e 

Relation Between Arterial Pi assure and Degree of Artei wsclerosis — 
In patients with essential hypertension, arteriosclerosis appeals early 

11 Reynaud, A Observation d’une obliteration presque complete de I’aorte, 
suivie de quelques reflexions, et precedee de 1’indication des fairs analogues, con- 
signees dans les auteurs, J hebd de med 1 101, 1828, quoted by Abbott (foot- 
note 4) 
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and pi ogi esses rapidly Whethei this is due to the mci eased aitenal 
pressure 01 to the underlying pathologic process is not cleai It is 
remarkable that, although artenal hypertension had presumably been 
piesent above the level of the coarctation m both of oui patients foi 
ovei foity years, physical examination and roentgen studies failed to 
disclose any perceptible difference in the degree of arterioscleiosis in 
the upper and lotvei 'paits of the body In our first patient the radial 
arteries were thickened but soft and only slightly toituous Ophthal- 
moscopic examination showed only slight arterioscleiosis such as might 
be expected in a patient of his age without elevated blood pressuie In 
oui second patient, advanced aiteriosclerosis was present m all of the 
superficial peripheral artenes as well as in the letinal vessels 

CIRCUL \TORA MEASUREMENTS 

Retaliation and Diminution 01 Absence of the Femoial Pulse — 
The letai elation and diminution or absence ot the femoral pulse aie 
not constant eithei m then piesence or degiee In our patients the time 
mteivals between the apical cardiac impulse and the caiotid and ladial 
pulses as measured with the polygiaph were within the limits of noimal 
The use of femoial pressure, however, occuned 015 seconds aftei the 
use of ladial piessure in case 1 and 0 05 seconds latei than the rise 
of ladial pressuie in case 2 Noimally, the femoral pulse wave piecedes 
the ladial pulse by flora 0 01 to 0 02 seconds Retardation of the 
femoral pulse was obseived also in the patient studied by Railsback and 
Dock, 5 who used Frank capsules In their patient, the femoial aitenal 
pulse followed the radial pulse by 0 02 seconds 

The amplitude or the femoial pulsation is affected not only by 
the degiee of patency of the aoita, but also by the cahbei of the 
collateial pathwajs and V the directness of the loute taken by the blood 
back to the thoracic ao r ta he most extreme cases of coaictation may 
be difficult to diagnose be aiue the collateral cn dilation follows a 
lelativel} duect route thiougl widely dilated vessels The facts that 
the femoial systolic piessuie m case 2 approached more closely the 
biachial arterial piessuie and that the pulse wave was less letai ded 
than m case 1 suggest frtei communication between the uppei and 
lotvei parts of the body in the formei subject 

Aitenal and Ai tcuolai Pi cssui es — Cardiac energy is transfonned 
into (1) kinetic energy, oi energy of flow and (2) potential oi pressuie 
eneigy Other factors remaining constant, the greater the peripheral 
resistance, the higher the systolic and diastolic, and therefoie the mean 
arterial, pressure The elevated aitenal pressure in essential hypertension 
is generally considered compensatory to maintain a noimal blood supply 
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to the tissues in spite of the increased aitenolar xesistance The aite- 
riolar pressure of both of our patients above the level of the coaictation 
was 50 mm of meicuiy by the histamine flaie method This piessure 
is much lower than that found by Ellis and Weiss 7 in patients with 
essential hypertension with similar biachial aiteiial piessures, but is 
approximately the same as that obseived by them m subjects with 
normal blood pressure The results suggest that while increased 
penpheial lesistance may, as in essential hypei tension, be lesponsible 
for, the high blood pressure above the coarctation, this inci eased 
resistance is due, not to increased aitenolai lesistance, but lathei to 
the resistance offeied by the stenosed aoita and the collateial pathways 
The normal arteriolar pressure obseived in the aims is in accord with 
this hypothesis lather than with the existence of a leflex mechanism 
that might be expected to manifest itself by aitenolai constriction and 
an elevated pressuie in the artenoles 

Below the level of the coarctation the aitenolar pressure measuied 
ovei the lateral aspect of the uppei pait of the thigh was 45 mm of 
mercuiy in case 1 and 50 mm of mercuiy in case 2 These results are 
similar to those noimally found in the leg The mean femoial aiteiial 
pressure in the hist patient was about 80 mm of mercuiy The nounal 
artenolar pressure of 50 mm of meicuiy indicates a low giadient of 
pressuie in the smaller arteries, the condition approaching that in 
the precapillary vessels of a nonnal person in whom the pulsation is 
markedly diminished, while the volume flow continues normally The 
maintenance of nonnal arteriolar pressuie in spite of the low femoial 
arterial piessure favors a noimal giadient of pressure in the arterioles 
and minute vessels and a more adequate blood supply to the tissues 
As will be seen latei, the slow velocity of blood flow obseived along 
the larger vessels, and the relatively nonnal oxygen content of the 
aiteiial and venous blood of the leg aie in accoid with this concept 

Blood Gas Measurements — Normally, the oxygen capacity of 
aitenal blood is about 20 per cent by volume The blood contains 
about 19 per cent of oxygen by volume as it leaves the lungs, and is 
therefore 95 per cent saturated In passing thiough the tissues, the 
blood loses about 5 per cent of oxygen by volume 

In the first patient, the oxygen satuiation of the femoral artenal 
blood was less than the saturation of the brachial artenal blood This 
may be due to the utilization of oxygen in the dilated capillary net- 
woik tiaversed by the blood in the collateral pathways The higher 
oxygen capacity of the femoral arterial blood suggests that slight 
concenti ation of the blood occurred m the dilated capillanes of the 
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collateral circulation Comparable studies could not be made on the 
second patient because of lack of coopeiation 

The utilization of oxygen in both patients was somewhat gieatei 
in the leg than in the aim, but in both subjects the arteriovenous dif- 
feience in the leg was within the limits of normal 12 This indicates 
that, in spite of the loweied aitenal blood pressuie in the leg, theie 
was no significant i eduction in the minute volume flow of blood thiough 
the capillanes of the lowei extremities A noimal femoral aitenovenous 
oxygen ditteience could be accompanied by decreased minute volume 
blood flow only if the metabolic level ot the legs of our patients weie 
reduced moie than seems possible The occasional occunence of inter- 
mittent claudication in the fiist subject and the complaint by the second 

Table 3 — The Velocity of Blood Flozv m the Gieatei and Lessci Cu dilation 

in Case 1 


Seconds 


Pulmonary circul ition time including time taken to course through the he irt 11 

Time from the left ventricle to femoral arterj (estimated) 11 

Time from the femoral irterj to superficial veins of foot 32 

Time from the superficial veins of foot to femoral veil 29 

Tune from femoral vein to right auricle of heart 9 

Totil circulation time 92 


patient ot coldness of the feet and nocturnal ciamps in the legs indicate, 
howevei, that the functional cuculatoiy leseive was limited m both 

Blood Plasma Volume — The volume of blood plasma of oui fiist 
patient was neai the uppei limits of noimal 13 A tendency towaid 
an increased volume of plasma is to be expected in the piesence of the 
numeious dilated collateial pathways of the blood 

I clocity of Blood Flozo and Us Relation to Otliei Measiti ements — 
I he following discussion 1 elates mainly to the first patient because 
measurements of the velocity of blood flow could not be made in case 2 
owqng to lack of cooperation, and because measurements of the diastolic 
temoial artenal pressure could not be obtained It is of consideiable 
intei est that the time necessaiy foi the radioactive substance to tiavel 
from the heait to the femoial artery was eleven seconds, wheieas the 
time necessary foi the matenal to tiavel fiom the femoial veip to the 

12 Harrison, T R , and Pilcher, C Studies in Congestive Heart Failure 
I 1 he Effect of Edema on Oxygen Utilization, J Clin Investigation 8 259, 1930 

13 Thompson (footnote 8) Keith, N M , Rowntree, L G, and Geraghty 
IP R Method for the Determination of Plasma and Blood Volume, Arch 
Int Med 16 547 (Oct ) 1915 
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heait was onl} nine seconds Noimally, the 'velocity of blood flow in 
aiteries is appi oximately twice that m veins 10 The abnoimally long- 
time necessaiy for the ladioactne material to reach the femoial arteiy 
again indicates the cncuitous route tiaveled by the blood befoie leaching 
the lower extremities and the increased resistance it encountered m 
com sing through the collateral channels 

A penod of thuty-two seconds was necessaiy for the blood to flow 
fiom the femoial artery to the supeificial vessels of the foot, while 
twenty-nine seconds were necessaiy foi the ladioactive matenal to flow 
from a rather laige vein on the doisum of the foot to the femoral vein 
This lelative slowing of artenal blood flow m the lower extiennties is 
due to the low giadient of piessuie in the laiger vessels of the legs 

The legulation of blood flow thiough the minute vessels of the 
body is at piesent but impel tectly understood Normally, the blood 
piessuie in the femoial aiteiy is appi oximately the same as that in 
the brachial arteiy, while the “aitenolar piessure” (the piessure in the 
laiger precapillary vessels') is appi oximately 50 mm of meicury The 
piessuie in the veins is approximately zeio Under circumstances requit- 
ing augmented blood supply (exeicise, etc ), the local increased flow 
in the legs is piobably secured in part by dilatation of the precapillary 
minute vessels This lesults in a higher piessure m at least the first 
poitions of these vessels and an increased gradient of piessuie between 
them and the veins The difference between the testing artenal and 
aiteriolar blood pressuie, according to this hypothesis, is one of the 
factors m what may be teimed the ‘‘local circulatory leseive” by means 
of which mciease m local blood supply can be obtained to meet increased 
demands 

In the legs of patients with coaictation of the aoita, we have found 
the arteriolar piessuie normal but the femoral aitenal piessure greatly 
reduced The deciease in the aiteiial-aitenolar diffeience in piessuie 
indicates that this factor of the normal local cnculatoiy leserve is 
diminished Under these circumstances, the arteriolar pressure can be 
laised only by elevation of the femoial artenal pressuie which m turn 
depends on the aoitic pressuie above the coarctation and ultimately on 
the ability of the heart to peiform an mci eased amount of work If 
the heait is unable to respond by laismg the aortic piessure, the local 
supply of blood will not be sufficient to meet the increased demands 

It is not altogether surprising, theiefore, that the first symptoms 
of a failing heart may appear in the lower extremities where the cir- 
culatory reserve previously has been encioached on In our patients, as 
m others observed by King, 14 inteimittent claudication, nocturnal cramps 


14 King, T T, Tr Personal communication 
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and diminished temper atui e of the legs appealed at an appi enable 
interval before the more usual signs of circulatory insufficiency in the 
uppei parts of the body Such symptoms may theiefore be the eaihest 
indication of a failing heait in patients with coarctation of the aoita, 
and should call for eftectne tieatment even befoie the appeal ance of 
dyspnea or other evidence of cu dilatory stasis 

SUMMARY AND CONCLUSIONS 

1 Coarctation of the aoita presents an oppoi tunity to compaie in 
the same person the dynamics of the circulation m aitenal hypei ten- 
sion above the point of constnction with the dynamics of blood flow 
under lower piessuie below the level of the stenosis The lesults of an 
extensive study of two patients with coarctation of the aoita aie 
presented 

2 The diagnosis was established in both patients by (1) aiterial 
hypertension in the arms as contrasted with the relatively low blood 
pressure in the legs, (2) evidence of extensive collateial aitenal cn- 
culation obseived on physical examination and also made appaient by 
the eiosions of the libs seen in the loentgenogiams of the chest, and 
(3) diminution and retaidation of the aitenal pulses in the legs 

3 Although ai terial hypertension pi esumably had been pi esent above 
the level of the coarctation in both patients foi over foity yeais, physical 
examination and roentgenographic studies failed to disclose any pei- 
ceptible difference in the degree of aitenosclerosis in the uppei and 
lowei paits of the body 

4 The aitenolai blood pressure m the aims was normal This 
suggests that while inci eased penpheral resistance may, as in essential 
hypertension, be responsible foi the arterial hypertension above the 
coarctatioi this mci eased lesistance is due, not to mci eased aitenolai 
lesistance, but lather to the lesistance offeied by the constncted aorta 
and the collateral pathways 

5 The vCocitv of blood flow in the largei artenes of the leg was 
i educed, and the arteiial -arteriolar difference in blood piessure was 
greatly diminished Accoidmg to the measui ements of oxygen in the 
blood, the blood supply to { he tissues undei resting conditions was nevei- 
theless within the limits ui nonnal 

6 The hypotheSrS that the small aitenal-aiteuolai diffeience in 
piessure m the legs represents an encioachment on what may be tenned 
the local circulatory leseive is discussed This condition is contiasted 
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with that above the level of the coaictation, where a maiketl difference 
m aitenal-aitenolai pressuie prevails 

7 Consideiations are bi ought forward that suggest that symptoms of 
local circulatoiy insufficiency m the legs such as intermittent claudica- 
tion and nocturnal cramps may be the earliest indication of a failing 
heart m patients with coarctation of the aoita, and should call for 
eftective treatment, even before the appeal ance of dyspnea or any 
othei evidence of cuculatoiy stasis 

Since this paper was submitted for publication, both of our patients have died 
The diagnosis of coarctation of the aorta was corroborated at necropsy in both, 
and the postmortem observations will lie the subject of a separate communication 
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Practical Radiation Therapv Bv Ira I Kaplan, B S , M D Price, $6 
Pp 354 Philadelphia W B Saunders Company, 1931 

If Kaplan had adhered strictly to his plan of describing only the actual methods 
of irradiation used by himself in his work at Bellevue Hospital and elsewhere m 
New York, his manual might be used with considerable confidence In turning 
to cancer of the stomach or Gaucher’s disease, one might disagree with the author, 
feel ng that it would have been better to list these conditions as unsuitable for 
irradiation Nevertheless, one would have to admit that the outlined treatment 
could probably do no harm, and it might be useful to know that at least one large 
clinic did attempt to tieat patients with these conditions Unfortunately, however, 
the author seems to have found it desirable to pad his book with extensive extrac- 
tions from other texts and journals, and this has involved a good many frank 
mistakes, to say nothing of questionable judgments 

One expects mistakes in a first printing and is prepared to excuse them I 
list below a few of the more obvious ones in this book, which will undoubtedly be 
corrected before a second printing 

Page 19 “Their (x-rays’) path is not affected by the magnet, nor can the\ 
be reflected, refracted, or polarized ” 

If the clerical assistant who presumably had charge of the padding had enjoyed 
the most casual acquaintance with modern physical literature, this mistake could 
have been prevented It is scarcely necessary to point out that the earliest work 
on refraction was published in 1896, and that reflection and polarization have long 
since been commonplace procedures m physical laboratories 

Page 23 “The rays of X-ray and radium may either stimulate, inhibit or 
destroy living tissues ” 

While this old dogma is perhaps not thoroughly disproved, it is, to say the 
least, controversial and should scarceh be reprinted without comment in a book 
dated 1931 

Pages 23 and 24 “In some cases the cells of a tissue are more affected by a 
given amount of energy of one range of wavelength than they are by the same 
amount of energy of another range of wavelength” and “Some respond 
in different ways, depending upon whether or not the radiation is so administered 
that a large intensity is coupled with a short period of exposure ” 

Many people believe that these ideas have been definitely disproved It hardly 
seems wise to state only one side of such an important question 

Page 58 In listing the relative merits of valve tube and mechanical rectifier 
equipment, certain statements are made that were true a year or so ago, but 
were by no means true in January, 1931, the date of publication Modern valve 
tubes will carry as heavy a current as the best mechanical rectifier machine, and 
automatic discharge devices have done away with the factor of persistent charge 
in the condensers The most important advantage of valve tube equipment is not 
listed, that is, the fact that it is free from high frequency surges so that sphere 
gap readings really mean something is not mentioned 

Page 63 Modern valve tubes do not require a large amount of resistance 
in the sphere gap circuit 

Page 130 By far the most serious error that has come to my attention is 
the description of the Kienbock-Adamson method of treating ringworm of the 
scalp The original articles are easily available in any medical library and will 
be found to stress the idea that treatments should be given to five points on the 
scalp Overlapping of the doses used for contiguous areas is an essential part 
of the plan Kaplan’s abstractor consulted the “United States Army X-Rav 
Manual” instead of the original literature, and then misread the account in the 
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manual As a result, the reader is advised to dmde the scalp into four areas 
tor treatment applying the rays to one area at a time and shielding the other three 
with lead-rubber It is extremely unlikely that Kaplan actually uses such a 
method in New York, because owing to the curvature of the skull it would be 
practically impossible to deliver a full epilating dose to the margin of an area with- 
out overexposing the center It is easy to understand how a careless abstractor 
would misinterpret the sketches in the “United States Army X-Ray Manual” and 
would misread “shielding eyebrows, etc ” 


Din Entzundliche Grundlage der typischen Gesciiwursbildung im Magen 
ox d Duodenum By Prof Dr G E Konjetzny Price, 18 marks 
Pp 155, with 72 illustrations, some m color Berlin Julius Springer, 1930 
(Buchausgabe des gleichnamigen Beitrages m “Ergebmsse der inneren Medizin 
und Kinderheilkunde,” volume 37 ) 

This is a monograph of 155 pages in which are excellently presented the results 
of the ten year study of ulcer by Konjetzny and his associates, particularly Kahma 
and Puhl It begins with a concise review of the older theories of the etiology 
and pathogenesis of ulcer and then proceeds at once to the investigations carried 
out in their clinic at Kiel on fresh material obtained at the operating table and 
submitted to careful histologic study 

The first question asked is whether or not ulcer develops in a previously normal 
mucosa It is answered m the negative Erosions and acute ulcers always accom- 
pany chionic ulcers, and they occasionally produce the ulcer syndrome without 
the presence of a chronic ulcer These erosions and acute ulcerations are due to 
an inflammatory process in the mucosa, a gastritis and duodenitis The erosion 
develops as the result of polymorphonuclear infiltration just beneath the epithelial 
membrane This cellular accumulation increases in size until the membrane is 
either ruptured or absoibed, an exudate then pours forth and an erosion is formed 
Eosinophils and plasma cells slowly appear The lesion then either heals or 
becomes more chronic This process is excellently pictured 

The author then reproduces photographs of lesions, showing all stages of 
transition from the acute erosion just described to a chronic ulcer, apparently 
proving conclusively that the process begins in the mucosa and extends into the 
deeper layers The entire development is attributed to an inflammatory reaction 
in which the vascular lesions do not play a role and in which peptic activity does 
not take part A great deal of space is devoted to arguments on these points The 
work is carefully and thoroughly done , the presentation is clear and concise , 
the illustrations are splendid, and the argument is logical 

In conclusion, Konjetzny discusses the matter of therapy and insists that the 
best treatment for ulcer is that directed toward the gastritis, rather than toward 
neutralization of the acid or the control of psvchic factors Surgical intervention 
should be used only in cases in which complications, such as acute or chronic 
perforation, hemorrhage and stenosis, have developed A statement is not made 
as to the type of surgical intervention recommended, but one infers that subtotal 
gastrectomy is the procedure of choice During the ten year period, Konjetzny 
operated on 28 per cent of the patients with ulcer coming under his care 

This epochal monograph is highly recommended to all students of gastric 
disease 

Stottw echselkranrheiten By Erich Leschke, MD, Professor of Internal 
Medicine, University of Berlin Paper Price, 8 marks Pp 130 Diesden 
Theodor Steinkopff, 1930 

This little book, which is one of a series prepared especiallv for the busy 
practitioner, contains m condensed, but wel 1 arranged form, an amazing amount 
of information Some of this is more, some less, reliable It would be impossible 
for a reader who was untrained m the field of metabolism to disengage theory 
from fact, speculation from knowledge The author, particularly in the sections 
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dealing with therapeutics, adopts a naively uncritical attitude for one who tanks 
among the leaders m the field of metabolism and endocrinology Thus, m the 
section on the treatment for obesity is the serious recommendation ot the use by 
mouth of anterioi lobe pituitary substance in pluriglandular combination with 
ovarian and testicular preparations The author is one of many w'ho in the 
reviewer’s opinion confuse rather than clarify endocrine problems by resort to pluri- 
glandular, in Leschhe’s case “plurnegetative,” theorizing It is not to be doubted 
that all of the glands of internal secretion are affected when one is diseased, but 
the same can be said of other organs, including the skin, the bones and the 
muscles Nor is it to be disputed that functional irregularities of the autonomic 
nervous system are concerned in many of the disorders of metabolism, but it may 
be predicted that the primary abnormahtv in these disorders will be found to be 
considerably less complex than one would judge from such texts as this one 
Certainly conceptions of pluriglandular disturbance have contributed scarcely at 
all to the advance of factual knowledge of endocrinology and metabolism, while 
great progress has been made through the separate study of individual processes 
and individual organs It is ot interest in this connection that epinephrine, 
thyroxin, insulin and parathormone, to mention only the glandular products of 
established potency, ate developments of the lesearch of a new continent where the 
authoritative publications in the field of metabolism and endocrinology have been 
comparatively free from speculation 

Treatment of Epilepsy By Fritz Talbot Price, §4 Pp 266 New' Yoik 
The Macmillan Company, 1930 

The author has been concerned for some time with the careful and controlled 
therapy of epileptic patients In this he has become proficient, because he has 
understood the modern conception of human metabolism and has applied his 
knowledge in an attempt to check what is, at least theoretically, a disturbance of 
metabolism Dr Talbot completely reviews the theories as to the etiology of 
epilepsy, and summarizes in an excellent manner present conceptions He stresses, 
naturally, the theories of disturbance m oxygenation, the acidbase equilibrium 
and the water content All of these factors may, of course, be part of one under- 
lying disturbance There does not seem to be enough evidence, how'ever, that in 
the epileptic patient there is an excessive amount ot hydration, a deficiency in 
oxygen or a tendency to alkalosis The greatest evidence for these factors as a 
basis is the therapeutic effect of their reversal Di Talbot considers in great 
detail the practical application of the ketogemc diet He leaves nothing of impor- 
tance unwritten concerning that therapj Anv physician desiring to know the 
exact technic can find it in this book The volume is highly recommended to all 
who are desirous of learning the modern therapy for epilepsy 

Humyn Biology and Racial Welfare Edited by Edmlnd V Ccwvdry, Pro- 
fessor of Cjtology, Washington University, St Louis Price, §6 Pp 612 
New York Paul B Hoeber, Inc , 1930 

Twenty-seven contributors of recognized authority in their chosen fields have 
cooperated remarkably well in developing what amounts to a survey course 
in ‘ human biology” for students, especially medical, and for mature lay readers 
The need for such an integration of the many special sciences involved in the 
complete study of man is charmingly set forth in the keen analysis by Edwin R 
Embree, who wrote the introduction The book proceeds in logical steps from the 
astronomical consideration of life through the origin and evolution of man, his 
internal and external adjustments, including such topics as climate, food, urban 
and rural environment, antisocial behavior, disease, science and industry, and edu- 
cation The future of man is treated in relation to the inheritance of disease, the 
biology of populations, the mingling of races, the purposeful improvement of the 
race and the intentional shaping of human opinion The vast scope of this book 
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is evident Ihioughout the \anous chapters runs a true scientific spirit bv means 
of which tacts and opinions are kept sharply separated There is a wealth ot 
information and wisdom to be gleaned, particularly if the reader takes advantage 
of the selected bibliography The illustrations are excellent The style is gen- 
erally good and the diction always intelligible It is a pleasant surprise to note 
how well the scientific contributors have presented their material in a popular 
stile without excessive simplification This volume hits fairly close to the mark 
of its purpose 

Sbokxik Prvci na Pocest Sedesatycii Nvrozexin Dedicated to Prof 
L VDISL \\ S\ r LABY By his pupils and friends Pp 848 Prague, 192S 

This book, m the spirit of a Festschrift, is dedicated to Prof Ladislav Syllaby, 
professor of the “Karlova Umversita” m Prague, on the occasion of his sixtieth 
anniversary 

The book contains forty-nine articles written by his pupils and friends in 
various European countries At the end of the book there is a bibliography ot 
the writings of Syllaby and his pupils 

The following are some of the important topics taken up in this book Cyto- 
morphologic Examination of Blood in Patients with Schizophrenia, by G 
Altschuller and 0 Janota, Diagnosis of Active Tuberculosis by Means of Fixa- 
tion Reaction, by J Jedhcka, Relation Between Lipocytal Coefficient and Osmotic 
Resistance of Erythrocytes, by V Jedlicka, Comparative Study of Subcutaneous 
Fat and ot Bone-Mat row Fat. by B Kadlec, Medical Treatment of Gastric and 
Duodenal Ulcer, by H MacLean, Posterior Cervical Lymphatic Syndrome in 
Cases of Chronic Cervical Aithritis, by J A Barre 

Grexz Ray Therapy By Glstav Bucky, MD Price, §3 50 New York 
The Macmillan Company 

The author describes the physical and phvsiologic characters of “Grenz” or 
borderline ra}s so named because they he in the spectrum at the lower limit 
of the roentgen rays Their wavelength is from 1 to 3 Angstrom units In 
penetrability they are so soft that their absorption in air is appreciable Their 
therapeutic use is therefore limited to superficial lesions of the skin and to 
certain systemic diseases in which an erythema acts favorably 

No extravagant claims are made as to the curative effect of the rays Pre- 
liminary reports are made in a considerable list of diseases of the skin in which 
the results ot other radiotherapy are already known In a goodly number of 
these, excellent results are claimed Another list names conditions in which good 
results were obtained In a third list bad results are acknowledged 

The Grenz rays are said to present less dangers than the roentgen rays m 
that cumulative effects are absent and superficial burns heal easily 

Hypertension’ By Leslie T Gager, M D , Clinical Professor of Medicine in 
the George Washington University, Washington, D C Price, §3 Pp 158 
Baltimore Williams & Wilkins Company, 1930 

An excellent and interesting discussion of hypertension is to be found in this 
monograph The facts are stated clearl}, concisely and accurately Speculation 
is reduced to the minimum The important references are quoted in extenso, so 
that it is scarceli necessary to go back to the sources Symptomatology is skilfully 
delineated with the help of case histories The chapter on the clinical study of 
hypertension may well be read over and over again The author’s emphasis on 
the study of the eyegrounds as the first approach after a careful history and 
general ph}sical examination indicates his thorough familiarity with hypertension 
A complete schema for the clinical study of patients with hypertension is given 
at the end of this chapter Prognosis and treatment are discussed along con- 
servative lines This is an ideal book for medical students of the more intelligent 
tv pe and for general practitioners who are still curious about disease 
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The Chest in Children By E Gordon Stoi off, MD Price, S15 
Pp 432 New York Paul B Hoeber, Inc 

As an atlas portraying 1 oentgenograms with lull descriptions and systematic 
discussions this book is most creditable, outclassing previous works on this topic 
in the roentgen literature and equaling the best atlases on other roentgen subjects 
While the major number of diseases considered are parallel to conditions also 
found in the adult and are modified only in their interpretation by the immature 
anatomy ot the child’s chest, considerable space is given to conditions most 
commonly found at an early age as well as those peculiar to childhood Its 
illuminating treatment of the whole category of diseases of the chest gives the 
book instant and lasting appeal not only to the specialist in pediatrics and the 
roentgenologist but also to the general practitioner who has learned the unusual 
value of roentgen diagnosis afforded in so many diseases of the chest 
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HYPOGLYCEMIA 

THE CLINICAL ST X DROME, ETIOLOGY AND TREATMENT REPORT OT 
A CASE DUE TO HYPERINSULINISM " 

GEORGE D GAMMON, MD 

Edward W Bok Fellow in Medicine, University of Pennsylvania, Assistant 
Physician to Gastro-Intestinal Section of Medical Clinic, University Hospital 

PHILADELPHIA 

AND 

WILLIAM C TENERY, MD 
Director, Waxahachie Sanitarium 
\\ 4A VHACHIE, TE\ \S 

The spontaneous appeal ance of hypoglycemia may result fioin cer- 
tain abnoimahties of any of the factois conti oiling carbohydiate metabo- 
lism A survey of the hteiature indicates that the condition may arise 
m the most diverse clinical states In the piesent article, we undeitake 
a classification of the various types of hypoglycemia, citing lllustiative 
examples of each Since pancreatic hypoglycemia appears most fre- 
quently clinically, this fonn has been emphasized by a detailed review 
of the syndrome based on an analysis of the reported cases A repoit 
is given of a patient sufteimg fiom hypoglycemia of pancreatic origin 
Tables absti acting the details of the available reports on pancreatic 
h} poglycenna and of leading cases of the other types aie included 

In order bettei to orient the discussion, we present a classification 
of the diseases m which hypoglycemia appears spontaneously We 
wish this to be consideied meiely as a tentative etiologic framewoik, 
for an entirely adequate scheme will be possible only when the mecha- 
nisms of the underlying distuibances of carbohydiate metabolism in 
the vanous diseases are thoioughly understood 

TYPES OF SPONTANEOUS HYPOGLYCEMIA 
Endocrine Hypoglycemia 
Pancreatic 

*4 Hyperfunction or h\permsulimsm, diffuse hypertrophy and tumors of the 
islets, dysmsuhnism or dysinsulmosis 
B Late diabetes 


* Submitted for publication, Oct 25, 1930 
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C Alimentary hypoglycemia 
Suprarenal insufficiency 
Pituitary dysfunction 
Thyroid insufficiency 
Pluriglandular syndromes 
Other Types of Hypoglycemia 
Hepatic 

Muscular dystrophy 
Renal diabetes 
Lactation and pregnancy 
Fatigue 
Infections 

Terminal hypoglycemia 

ENDOCRINE HYPOGLYCEMIA 

PANCREATIC HYPOGLYCEMIA A HYPERFUNCTION OF THE ISLETS 

Hypoglycemic attacks have appeared spontaneously when the pan- 

O 

creas has shown inci eased island tissue in two foims, diffuse hypei- 
trophy or circumscribed neoplasia, both malignant and benign, they 
have also appeared when theie was no visible evidence of mci eased 
islet tissue A bnef history of the ewdence permitting this statement 
follows 

Histoiy of the Concept of Hypoglycemia Due to Hype) function of 
the Islands of Lange) bans — Fischlei 1 fust descnbed hypoglycemic 
shock under the title “glucoprivative intoxication”, this appeared in 
dogs with Eck fistulas rendeied diabetic by phlonzin Harns, 2 in 
1924, surmised that a clinical condition of h)perfunction of the islands 
of Langerhans should produce the same sjmptoms observed aftei an 
overdosage of insulin He reported five cases which he consideied of 
this oiigm undei the terms, “lr> pennsuhnism” and “dysmsuhmsm ” 
No pathologic studies were made 

Evidence that diffuse hypeitioph} ot the islets could cause hypo- 
glycemia was presented by Giay and Feemstei 3 in 1926 A child 
born of a diabetic mother died of hypoglycemic shock The enlarge- 
ment of the islands m the child’s panel eas was considered the lesult 
of an attempt to compensate foi the hoimone missing m the maternal 
cu dilation Diffuse Irypertiophy of island tissue occuis also aftei 
blockage of the panel eatic duct, de Takats, Hannett, Henderson and 

1 Fischler, F Physiologie und Pathologie der Leber, Berlin, Julius Springer, 

1916 

2 Harris, S Hyperinsulimsm and Dr smsulinism, JAMA 83 729 
(Sept 6) 1924 

3 Gray, S H , and Feemster, L C Compensatory Hypertrophy and Hvper- 
plasia of the Islands of Langerhans in the Pancreas of a Child Born of a Diabetic 
Mother 4rch Path 1 348 (March) 1926 
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Seitz 1 presented ewclence that this hypeitiophy is accompanied b) an 
mciease in the function of the islets Wilder 4 5 6 lefeuecl to Jafte’s patient 
who showed hypeitroph) of the islands fiom blockage of the panel eatic 
duct by a semhous caicinoma of the panci eatic head, it is not known 
whether hypoglycemia developed in this case 

That hypoglycemia could lesult fiom a tumoi of the islands of 
Langerhans was demonstiated convincingh in 1927 by Wilder, Allan, 
Power and Robeitson’s ,J patient Extiacts fiom the caicmoma and 
fiom metastases m the liver }ielded insulin Fuithei pi oof of the 
lelation of tumors of the islands and hypogl>cemia was supplied in 

1929 by Plowland, Campbell, Maltby and Robinson, 7 the lemoval of 
a small carcinoma of the islets was followed by cessation of the hypo- 
glycemic attacks Benign tumoi s may also pioduce hypoglycemia, 
McClenahan and Noins 8 9 descnbed the hypoglycemic death of a Negio 
whose pancreas contained an adenoma ongmating m the islands Not 
all adenomas of the islands, however, aie accompanied by hypoglycemia 
Warren 0 collected twenty lepoits of adenomas of the islands of Langei- 
hans in which none of the patients had stiff eied hypoglycemic shock 
dunng life 

Nor may one assume that all cases of panci eatic hypoglycemia aie 
the lesult of diffuse hypei trophy or tumor of the islets Plyperfunction 
of the islands may occur m a pancreas morphologically normal, as was 
first demonstrated by Finney and Finney 10 It should be lecalled that 
in the opposite condition of diabetes, changes in the islands are not 
always demonstrable, so that noimal morphology does not piove noimal 
function It should be emphasized that alteied function is of moie 
importance than stiuctuial change 

4 de Takats, G , Hannett, F , Henderson, D , and Seitz, I J Correlations 
of Internal and External Pancreatic Secretion, Effect of Isolation of the Tail of 
the Pancreas on Carbohydrate Metabolism, Arch Surg 20 866 (May) 1930 

5 Wilder, R M Recently Discovered Endocrine Diseases, Hyperepinephrin- 
lsm, Hypermsuhnism and Hyperparathyroidism, Internat Clin 1 293 (March) 

1930 

6 Wilder, R M , Allan, F M , Power, M H , and Robertson, H E 
Carcinoma of the Islands of the Pancreas, Hyperinsulinism and Hypoglycemia, 
J A M A 89 348 (July 30) 1927 

7 Howland, G , Campbell, W R , Maltby, E J , and Robinson, W L 
Dysinsuhmsm , Convulsions and Coma Due to Islet Cell Tumor of the Pancreas, 
with Operation and Cure, J A M A 93 674 (Aug 31) 1929 

8 McClenahan, W U, and Norris, G W Adenoma of the Islands of 
Langerhans with Associated Hypoglycemia, Am J M Sc 177 93 (Jan ) 1929 

9 Warren, Shields Adenomas of Islands of Langerhans, Am J Path 2 
335 (July) 1926 

10 Finney, J M T, and Fmne\ J M T, Jr Resection of the Pancreas 
Ann Surg 88 584 (Sept ) 1928 
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The teiminology ol the hteiatuie lecogmzes this distinction 
‘ H) pei msuhnism” implies an increased pioduction of the hoimone 
without stating the cause, ‘ dysinsulimsm” suggests a lack of noimal 
conti ol of the release of hoimone It is tiue that the terms have been 
used somewhat loosely and no clearcut distinction made “Djsinsulm- 
lsm” in the sense just mentioned might exist with a panci eatic tumor, 
and the term has been so employed by some wiiteis , 7 or it might exist 
with a panel eas moiphologically noimal, as we have seen to be the 
case It is precisely foi the gioup of cases showing mci eased production 
and abnormal release of insulin m a morphologically normal pancreas 
that a specific teim is needed One might suggest “insuhnosis” or 
‘dysmsuhnosis” , the actual term is unmatenal, piovided it is undei- 
stood to chaiactenze this gioup alone If some such term is accepted, 
it would seem wise to use “hypeiinsulimsm” m a generic sense foi 
ovei pioduction of insulin, legal dless of cause, and “dysinsulimsm” 
genencally foi abnonnal conti ol of insulin pioduction and release, 
whateiei the etiolog) 

REPORT OT A CVSE 

The case to be discussed probably belongs to the gioup for which 
we have suggested the term “dysmsuhnosis ” The patient complained 
of symptoms typical of hypoglycemic shock, studies of her carbo- 
hydrate metabolism yielded results similai to those in the reported 
cases of panci eatic hypoglycemia, and she was completely lelieved by 
the frequent ingestion of foods containing caibohydiate 

Miss A C, an intelligent and cooperative unmarried woman, aged 39, came 
to Waxahachie Sanitarium in July, 1929, complaining of attacks of weakness and 
unconsciousness with muscular twitching 

The first symptom was a sudden lapse into unconsciousness in 1926 She had 
omitted supper the night before , when she arose in the morning and tried to walk, 
she fell, she talked irrationally, her lips trembled, and she was nauseated, then 
she became unconscious In one hour she recovered, without treatment, and 
emembered nothing of the attack A similar seizure occurred during each of the 
ext three months, during the succeeding two years, she was entirely well 
In Mav, 1928, the attacks recurred, accompanied by slight convulsive movements 
ot the hands and legs, but ne\er of the jacksoman tvpe Once or twice diplopia 
warned of impending symptoms Recovery was always spontaneous, and no 
recollection of the event remained Five or six weekly attacks occurred at this 
time, in the intervals she was perfectly well 

She then discovered the value* of food in aborting and relieving the attacks, 
in her unconscious states, however, she always resisted efforts to feed her Rest 
at home on an augmented diet, but without additional feedings between meals, 
gave her entire relief 

One month after returning to secretarial work m the fall of 1928, the seizures 
recurred dailj B} that time they had assumed two characteristic forms, a severe 
and a lighter attack The lighter episodes consisted of irritability, weakness, 
perspiration, a tendency to mix words, and drowsiness succeeded by sleep unless 
food was taken Thev appeared before the noon or evening meals Cookies taken 
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between meals effectively warded off the attacks The more severe attacks were 
the convulsive seizures described 

Various physicians told her that she was a victim of “nerves,” information 
which considerably distressed this woman who had no neurotic tendencies No 
change in weight had occurred during the illness , m 1926, she weighed 133 pounds 
(60 3 Kg), and in 1930, 137 pounds (62 1 Kg ) 

Then menses were established w'hen she was 12 years of age, thej occurred 
regularly at intervals of three weeks, and were normal in other respects At the 
onset of hypoglycemia, they became irregular, being absent as long as three 
months Subsequently, although the patient was still ill, they became regular 
No other medical history was elicited, except that she tended to be plump as a 
child Measles and mumps were her only previous illnesses None of the familv 
had any symptoms suggesting hypoglycemia or diabetes No family history of 
disease appeared relevant 

Physical examination revealed no abnormality She was a well developed, some- 
what rubicund, middle-aged white woman, who appeared m the best of health 
The pupillary reactions were normal, as were the eyegrounds The thyroid gland 
was rather prominent, symmetrical and soft, no bruit was heard, no stigmas of 
hyperthyroidism were present The breasts were undeveloped The lungs and 
heart were normal, except for a faint systolic bruit heard in the second interspace 
to the left of the sternum The blood pressure was normal Nothing abnormal 


Table 1 — Results of First Sugar Toleiance Test 


Time 

• 

Blood Sugar, Mg 

Urine Sugar 

Pasting 


50 

0 

45 minutes 


225 

0 

60 minutes 


230 

0 

120 minutes 


225 

0 


could be felt in the abdomen The liver was not enlarged Neurologic examina- 
tion for sensation, motor power, reflexes, cranial nerves and mentality gave nega- 
tive results 

A diagnosis of hypoglycemic attacks was made because of the history of relief 
on the ingestion of food 

The blood counts were normal The Wassermann reaction of the blood was 
negative The blood sugar level was definitely low, on two occasions the fasting 
value was 45 and 52 mg , respectively 

The first test for sugar tolerance was made at a time when she was suffering 
daily hypoglycemic shocks On July 6, 1929, 175 Gm of dextrose per kilogram 
of body weight was administered, and the results given in table 1 were obtained 
on venous blood with the Folin-Wu technic 

The epinephrine test was performed The blood sugar during fasting was 69 
mg The hypodermic administration of 0 6 cc of epinephrine 1 1,000 was followed 
by a rise of blood sugar to 99 mg in fifteen minutes and a fall to the fasting level 
in forty-five minutes No undue reaction to the test was noted 

Results of the insulin test w r ere Ten units of insulin, administered while the 
patient was fasting, caused a drop in blood sugar of from 60 to 45 mg m twentv 
minutes There was a slight reaction, consisting of a vacuous, staring expression, 
slight tremor and perspiration 

Treatment — When the diagnosis was established, the patient was placed on a 
diet with a high carbohydrate content, and feedings were given between the regular 
meals and at bedtime She was immediately relieved, on this regimen there has 
been no recurrence m a vear She was able to return to work and has apparenth 
been perfectly well 
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Since alimentary measures abolished the attacks completely, and since the long 
duration of her illness seemed evidence against a neoplastic lesion, observation 
was decided on rather than a partial pancreatectomy During a year nothing 
appeared to alter this decision 

A second sugar tolerance curve taken nine months (April 12, 1930) after the 
first one gave the results shown in table 2 

The difference between the sugai tolerance cuive made on admission 
when she was having a shock daily and that after nine months without 
symptoms on a diet with a high carbohydrate content is striking Refer- 
ence will be made to the possible cause m the discussion of the tolerance 
curves in the repoited cases 

Symptoms of Spontaneous Hypoglycemia of Pancreatic Origin from 
an Analysis of the Repoited Cases — The symptoms of panel eatic hypo- 
glycemia, appealing spontaneously at intervals, resemble those of insulin 
shock, the intei vals tend to become shorter and the seizures more 
severe Relief occurs spontaneously or after the ingestion of any 
food containing carbohydrate, except in severe teimmal attacks Com- 


Tablc 2 — Results of Second Sugai Toleiance Test 


Time 

Blood Sugar, Mg 

Urine Sugar 

Pasting 

47 

0 

45 minutes 

145 

0 

1 hour, 45 minutes 

125 

0 

2 hours, 45 minutes 

111 

0 


monly between the attacks, at least early in the disease, the patient 
is perfectly well 

The actual seizuie may be descubed as follows A sense of weak- 
ness and extreme fatigue assails the patient, usually after a short fast, 
if walking, he feels unable to proceed a step faithei , a vague nervous- 
ness supervenes , the hands tremble , sweat bi eaks out on the body , 
an intense hunger proclaims the need for food Distuibances in vision 
aie frequent diplopia, dimness and loss of acuity are most common 
Vertigo and ataxia may follow, as may nausea, vomiting and epigastric 
pain Often an appalling sense of imminent dissolution is experienced 
The patient may cry out or sing Mental confusion becomes apparent 
to the obseiver in incoherent speech, irritability and irrational action 
Unconsciousness quickly follows, consisting of somnolence or deep 
stupor, which at times may be momentarily interrupted by questioning 
oi by painful stimuli The stupor may last for several hours or even 
foi days More frequently, however, unconsciousness is soon followed 
by convulsions The spasms are of the clonic type, beginning m the 
face with grimacing movements and spreading to all the extremities 
simultaneously The convulsions commonly are neithei prolonged noi 
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=e\eie Breathing is said not to be stertorous, and c)anosis is absent, 
the lattei obseivation piobabh depends solely on the duiation of the 
convulsion Foaming at the mouth is frequent, loss of sphinctenc 
control is uncommon Nystagmus, tnsmus and inability to swallow 
have been noted 

The convulsion is usually over in from a few minutes to a half 
hour, and even without food, the patient, diippmg with sweat and 
saliva, becomes conscious Reco\ery is complete, without memoiy of 
the accident, however, temporal y hemiplegia and occasionally other 
minoi neurologic lesidua, which cleai up after several days, have been 
noted Paiesthesias of the tongue and lips, following or preceding 
the attack, have been described 

While in most cases the symptoms develop in the piogression 
described, certain more fulminant attacks resemble completely an epilep- 
tic seizure In other instances the episodes may be mild and innocuous 

Complete abortion of the attack m any stage is produced by the 
administration of carbohydrate The only exception is m certain ter- 
minal cases It should be noted that in some persons even the sight 
of tood seems to precipitate symptoms, in our case, during an attack 
brought on by insulin, the patient seemed distinctly worse for a few 
moments after eating candy, and then rapidly improved These observa- 
tions suggest that there is either an overproduction of insulin m response 
to a normal stimulus, or an insufficient lelease of glycogen from 
storage depots to prevent hypoglycemia 

Recurrence of attacks with increasing frequency is characteristic 
of pancreatic hypoglycemia The early seizures are usually separated 
by considerable time, from two years to several weeks, but over the 
course of several years or months they become more frequent until 
the incidence is one or more a day With the increasing frequency there 
is a tendency for the attack to become more severe 

Sex and Age Incidence — About twice as many cases have been 
reported in males as in females Menstrual irregularity and an mci ease 
in the attacks during menstruation have been observed m a few of the 
women The most fiequent age incidence is from 31 to 50 years The 
disease may, however, appear at any age 

Past History — Previous transitory glycosuria, easily controlled by 
cuet and tending to disappear, was present in about a fourth of the 
patients One patient 10 was known to have had a high blood sugar 
content a year before hypoglycemia developed This observation of 
a previous glycosuria is the most significant fact gleaned from a study 
of the past histones While its relation to subsequent hypoglycemia 
is not clear, it certainh leads to the hypothesis that the previous elevation 
of blood sugar eventuated m a hj perfunction of the islets, which 
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terminated in hypoglycemic attacks Occasional ghcosuna was noted 
m three patients at the time of examination A loweied renal thieshold 
aftei tests for sugar tolerance was noted once 

A history of gastrointestinal disturbances appears fairly frequently 
flatulence, epigastric burning and constipation Two patients weie 
operated on for undiscovered peptic ulcers One had gallstones 
Syphilis apparently plays no etiologic role Other reported illnesses 
appear unrelated etiologically In two instances a member of the 
family was similarly affected 

Physical Examination — Physical examinations yielded no significant 
findings Theie is no constant tendency to be over or under weight, 
The occasional observation of peripheial neuritis, a palpable liver, a 
hairless chest and sparse pubic hair, a nodular thyroid without other 
signs, and poor general development appeared to be merely coincidental 
In one patient with pancreatic carcinoma and hepatic metastasis, the 
liver was palpable 

Laboratory Investigation — The degree of lowering of blood sugar 
bears no quantitative 1 elation to the symptoms Estimations made 
during fasting range from 60 mg to “too low to be read ” 11 During 
the attack the aveiage was 43 mg, with exti ernes of from 95 to 20 mg 

Sugar to leiance cuives in seven of nine patients tested leached an 
abnormal height after the ingestion of dextrose and remained elevated 
over two houis The lesult is compaiable to that seen occasionally 
m normal persons on a low carbohydrate intake It is possible that 
repeated insulin shocks deplete the glycogen stores of these patients, 
thus causing abnormal tolerance cuives similar to those obtained after 
a restricted caibohydrate intake The slight response of the blood 
sugar to injections of epinephrine might be regarded as supporting 
this view In our case the first test of toleiance showed an abnormal 
use and a delayed fall, the second curve made after a high intake of 
caibohydiate and freedom from shock for nine months was normal 
At the latei test the glycogen storage may have been more adequate 

To obtain an estimate of glycogen storage, the response of the blood 
sugai to the injection of epinephrine was observed No characteristic 
effect appeared, but in general there was a tendency for the curves 
to be somewhat low Such results suggest either diminished glycogen 
deposits or a faulty mechanism of release One may not, however, 
mterpiet these observations in a stnctly quantitative sense 12 Ephednne 
is ci edited with a slight effect in raising the blood sugar m two cases 

11 Thalhimer, W, and Murphy, F D Carcinoma of the Islands of the 
Pancreas, Hyperinsuhmsm and Hypoglycemia, JAMA 91 89 (July 14) 1928 

12 Brill, S Glycogenolysis Due to Epinephrine in Hepatic Disease Arch 
Surg 18 1803 (April) 1929 
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Table 6 — Outcome of Cases 


Case 

Etiology 

Tre itment 

Result 

Pancreatic 

1 

Hyperinsulmism 

Dietary 

Cure (1 year) 

o 

Hyperinsulimsm 

Pood third hour 

Cure 

3 

Hyperinsulmism 

Dietary 

Cure 

4 

Hyperinsulmism 

Dietary 

Cure 

5 

Hyperinsulmism 

Dietary 

Cure 

6 

Hyperinsulmism , 
no postmortem 
e\ammation 

Dietary 

Relief, died m att ick 
without adequate treat 
ment, 4 years after onset 

7 

Hyperinsulmism 

Dietary 

Cure 

S 

Hyperinsulmism, 
no postmortem 
e\ammation 

Food and sugar 

Relief, died 7 years after 
onset 

9 

Hyperinsulmism 

Dietary 

Improved 

10 

Hyperinsulmism 
pancreas normal 

Resection of tn o thirds 
of pancreas 

Improved 

11 

Hy permsulinism 
pancreas normal 

Pood nine times per 24 
hours, three times at 
night, resection of two 
thirds of pancreas 

Improved temporarily, 
returned to preoperative 
condition 

11 

Hyperinsulmism, 
p increas normal 

400 500 Gm of carbohy 
drate per day, resection 
of two thirds of pancreas 
(Allan, Boeek and Judd 

J A M A 94 llio 
[April 12] 1390) 

Unimproved 

13 

Hyperinsulmism 

Dietary 

Cure (9 months) 

14 

Hyperinsulmism 

Dietary, suprarenal 
extract 

Cure 

15 

Hv permsulinism 

Dietary supr irenal 
extract 

Cure 

16 Hj permsulinism 

Tumors of Pancreatic Islands 

Dietary , suprarenal 
extract 

Cure 

17 

Carcinoma of islands 
of Langerhans with 
liver metastasis 
tumors contained 
insulin 

20 25 Gm of dextrose 
per hour by vein 
required laparotomy 

Died, not in hypoglycemia 
at time 

IS 

Carcinoma of islands 
of Langerhans pitui 
tary gland normal 

Food 

Death in coma 

19 

Carcinoma of islands 
of Langerhans 

Removal of tumor, 300 

Gm of dextrose per day 
md high diet required 
preoperatively 

Cure (14 weeks) 

20 

Adenoma of islands 
of Langerhans 
round cell infiltration 
of meninges 

Dextrose 

Death in coma 

Pituitary 

21 

Pituitary dysfunction 

Food roentgenogram of 
skull thyroxin, 1 mg by 
vein checked attack 

Improved 

22 Pituitary disfunction 

Pluriglandular 

Food roentgen therapy of 
skull, pituitary extract 

Improved 

23 

Pluriglandular 

Thyroid and supra 
renal extracts 

Cured, blood sugar 
normal 

24 

Pluriglandular, small 
thyroid and pituitary 
glands sclerosed supra 
renal corte\ and ovaries 
pancreas normal 

Dextrose cured attack 

Died, not in shock blood 
sugar 100 mg 

25 

Pluriglandular 

Thyroid extract 

Scleroderma improved, 
hypoglycemia unimproved 

Hepatic 

26 

Primary' carcinoma of Dextrose 
the liver, 70 80% in 
volved metastasis to 
chest, liver deficient m 
glycogen pancreas normal 

Relieved attack, death 
from carcinoma 

27 

Hepatic (’), cyclic 
vomiting 

Food and dextrose 

Relief at time 

2S 

Hepatic (?) 

None 

No change 

29 

Hepatic ( 9 ) 

None 

No change 

Renal 

30 

Renal di ibetes 

None 

No change 

Lactation 

31 

Lactation 

Weaned child 

Cured 
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No observations of blood sugai aftei the admmistiation of solution ot 
pituitaiy appear to have been made, that ele\ation occuued, howe\ei, 
ma) be inf ei red fiom the fact that, m geneial, pituitaiy was eifectne in 
lehevmg shock 

No unusual sensitivity to insulin was noted in the three cases m 
which it was tested two showed a slight reaction and one did not 

The sugar content of the spinal fluid was low in two instances 
during the attacks , 20 and 34 mg , respectively No estimations of 
piessuie were made on the spinal fluid 

A use m the respiratoiy quotient to unity aftei the admmistiation 
of dextrose in two of three patients has been adduced as evidence of 
unimpaired ability to utilize sugar The basal metabolic rate was 
normal in four peisons and plus 21 per cent in a fifth The sella 
turcica w r as of normal size in five patients in whom roentgenogiams 
were made 

Gastio-intestinal loentgenologic studies and tests of gastric secietion 
disclosed no striking abnoimahties No obseivations of peristalsis weie 
made duung an attack, in view of the increase of peristalsis after the 
injection of insulin, and the hunger and epigastnc upset experienced by 
patients during shock, such studies might prove of interest 

Diffci cntiation Between Cases of Hypoglycemia Due to Tumor and 
Those m Which the Pancreas Seems Morphologically Normal — From 
an analysis of the case leports no reliable sign or symptom appears 
on which to base a diagnosis of tumor of the islands as opposed to 
their hypei function in the absence of neoplasia This may be due m 
pait to the relatively small number of case repoits Howland and 
his colleagues 7 weie impressed by the enatic behavior in their case 
of tumor, “as if there were no nervous control” of the production of 
insulin In Thalhimer and Murphy’s case the attacks showed no relation 
to food In the two groups no difference m age incidence was noted 
The seventy of the seizures was probably somewhat greater in the 
cases of tumor, though not invariably, asthenia between attacks w r as 
also somewhat more marked The duration of symptoms when the 
patient w f as fii st seen was slightly less for the tumors, averaging 2 5 
yeais with extremes of from 6 months to 7 years as against the 
average of 4 years for the nontumor group, with extremes of from 
1 month to 13 years Physical examination was of no value in the 
diffeientiation except in one patient m whom there was obvious metas- 
tasis to the liver In no instance was the pancreatic tumor palpable 
The death late was of course higher for the tumor group, death 
occurred, on an average, 15 months after the onset of symptoms with 
extremes of from 6 months to 2 5 years 

In general, all that may be said is There is perhaps a tendency 
for the disease to be more rapid in its deielopment, more severe m 
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its manifestations, more eriatic m behavior and more likely to cause 
death when tumoi is present than m functional hypertrophy of the 
islands No differentiation between adenoma and carcinoma seems 
possible, unless theie is evidence of metastasis There are insufficient 
repoits of hypoglycemia from diffuse hypertrophy of the islands to 
attempt a diffeientiation from the other types 

TREATMENT AND RESULTS 

The Attack — Relief from the attack is usually easily accomplished 
by the admimstiation of carbohydrates In certain severe cases the 
mtiavenous injection of large amounts of dextrose is lequired Diugs 
elevating the blood sugar level have pioved effective Epinephrine 
aborted the seizure m most instances, though it failed m a few, it 
proved moie reliable than any other drug Solution of pituitaiy 
achieves the same result, though less fiequently, its action is slower 
and less marked than that of epinephnne Ephedune is still less 
effective Suprarenal extract by mouth has recently been recommended 
It was pieviously used with some success m pluriglandular cases, 13 but 
as yet the evidence is insufficient to judge its value in hypennsuhnism 

Interval Treatment — Frequent feeding is the mainstay in pi eventing 
attacks of hypoglycemia The diet should be high m caibohydrate 
Fat should be used cautiously since it initiated attacks m thiee patients 
In twelve typical cases of hypennsuhnism without proved tumor, in 
which dietary treatment was given, relief is leported to have occuired 
m ten, death in two The intravenous injection of dextrose did not 
prevent the death of one patient suffenng from adenoma It seems 
likely that alimentary treatment has no influence on the basic disease 
process, merely providing enough carbohydrate to pi event shock If 
moie carbohydrate can be got into the body than the msulm metabo- 
lizes, it will be stored and prevent attacks , if more insulin is produced 
than can be “covered” by carbohydrate m the diet, the tieatment will 
fail 

Roentgen therapy appeals not to have been tiled except m one 
case of carcinoma m which it was ineffective 

Surgical Treatment — Partial pancreatectomy was fiist performed 
by Finney and Finney 10 in 1928 Allan, Boeck and Judd 14 lecently 
reviewed the subject Five patients without tumor formation m the 
panci eas have been so treated thiee of these obtained slight lmpiove- 

13 Stenstrom, T Spontaneous Hypoglycemic Coma, Deutsches Arch f 
klm Med 152 173 (Aug ) 1926 

14 Allan, F N , Boeck W C, and Judd, E S Surgical Treatment of 
Hypennsuhnism, J A M A 94 1116 (April 12) 1930 
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ment but tended to relapse, and two obtained no relief Rejection of 
a small carcinoma of the islets 7 is the only instance on recoid in which 
opeiation on the pancreas resulted in complete cine Two patients 
with caicinoma of the islets and metastasis to the liver who undeiwent 
lapaiotomy died from one to three months postopeiatively Thus the 
lesults of partial pancreatectomy have not, as yet, been satisfactory 
In view of this fact, dietary management should fust be tued unless 
neoplasm is suspected If a dietary regimen fails, one ma) resort to 
paitial panel eatectomy 

With this leview of hyperfunction of the islands we wish to con- 
sidei two other types of hypoglycemia of panel eatic origin, that of late 
diabetes and so-called alimentaiy hypoglycemia 

B HYPOGLYCEMIA OF LATE DIABETES 

A teiminal hypoglycemia in diabetic patients untreated with insulin 
and not lesponding to dextrose has been observed many times Jonas 15 
leviewed several such cases and added one of his own, in which the 
patient died in hypoglycemic coma ten days after the suspension of 
insulin therapy Joslin 10 also dealt with the subject 

C ALIMENTARY PIYPOGLYCEMIA 

The secondary fall in blood sugar after the ingestion of food has 
occasionally been sufficiently marked to cause slight symptoms of hypo- 
glycemia This, howevei, is exceptional The degree of fall of the 
blood sugar after the administration of dextiose has been pioposed as 
a test of islet function 17 

OTHER ENDOCRINE TYPES OF HYPOGLYCEMIA 

After this somewhat detailed discussion of pancreatic hypoglycemia, 
based on a thorough review of the literature, we wish to characterize 
other types of hypoglycemia For this purpose a summary of a few 
leading cases will be utilized, no attempt at an exhaustive leview of 
the literatuie has been made for the nonpancreatic ty r pes They are 
not always cleancut in etiology Their symptoms are those of hypo- 
glycemic shock, but they do not appear in the crescendo of severity and 
frequency" chaiacteristic of the pancreatic type 

Insufficient physiologic knowledge of the relations of various endo- 
crine glands to caibohydiate metabolism makes attempts to evaluate 

15 Jonas, L Hypoglycemia, M Chn North America 8 949 (Nov ) 1924 

16 Joslin, E P The Treatment of Diabetes Melhtus, eel 4, Philadelphia, Lea 
& Febiger, 1928 

17 Depisch, F , and Hasenohrl R Beitrag zur Blutzucker-Regulation, Klin 
Wchnschr 5 2011 (Oct 22) 1926 
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disturbances in these mechanisms clinically somewhat difficult A 
carbohydrate cycle has 1 ecently been postulated by Cori and Cori 13 
(chart) Their hypothesis states “In the muscle the end pioduct of 
glycogen bieakdown is lactic acid, in the liver it is glucose 
The most probable point of attack of epmephrin is on the glycogenolytic 
piocess” Undei its action “blood sugar derived fiom livei glycogen 
is utilized in the muscles, while lactic acid derived from muscle glycogen 
is carried back to the liver to replenish the glycogen that was lost, 
the end 1 esult being an increase in liver glycogen ” 19 

Somewhat earlier Cannon , 20 writing on the sympathetic and supra- 
lenal mechanisms for mobilizing sugar m hypoglycemia, divided the 
effect of hypoglycemia into two stages The first stage, in which pallor, 
a lapid pulse late, dilatation of the pupils and piofuse sweating occuired, 
was the result of sympathetic stimulation This sympathetic stimulation 
had the effect of liberating glycogen from the liver and hbeiatmg 


Liver glycogen 


/b 


(via lactic acid) 

\ 

Muscle glycogen 

/ 


Absorption — >Blood Sugar — ^Oxidation 


Fat formation 


Excretion in urine 
Factors entering into a sugar balance 


epinephrine which, m turn, freed more livei glycogen and raised the 
level of the blood sugai The effectiveness of this defense depended 
on the amount ot liver gh cogen and the amount of epinephrine present 
if the supiarenal content was low, the first defense was weakened The 
second stage was the comulsion which hbeiated more epinephrine and, 
through livei glycogen, laised the blood sugai level In view of Cori 
and Coil’s woik, one might suppose that the lactic acid formed from 
muscle glycogen dunng the convulsion, thiough resynthesis to glycogen 

18 Cori, C F The Influence of Insulin and Epinephrine on the Fate of 
Sugar in the Animal Body, Harvey Lectures, Baltimore, Williams & Wilkins, 
1927-1928, series 23, pp 76-114 

19 A discussion of this work is given m Macleod, J J R Lectures on 
Physiology of Glycogen and the Role of Insulin and Epinephrine in Carbohydrate 
Metabolism, Lancet 2 107 (July) 1929 

20 Cannon, W B , Mclver, M A , and Bliss, S W Studies on Conditions 
of Activity in Endocrine Glands , Sympathetic and Adrenal Mechanism for 
Mobilizing Sugar in Hypoglycemia, Am J Physiol 69 46 (June) 1924 
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in the liver, could be a further source oi blood sugai Clinically the 
blood sugar level rises after certain types of convulsion 21 These obser- 
vations, however incomplete, bear on three of the clinical states that 
we are about to consider supiarenal insufficiency, hepatic destitution 
and muscular dystrophy 

SUPRARENAL INSUITICIENCA 

Various writers have attributed the weakness m Addison's disease 
to lowered blood sugar Longcope , 22 in teviewing the liteiatuie, found 
hypoglycemia frequently piesent to a marked degree, though by no 
means universal The blood sugar tends to lemam at a low level with- 
out hypoglycemic attacks, though no observations of blood sugar aie 
available, one wonders whether the cases of suprarenal insufficiency 
with convulsions and epilepsy are due to h)poglycemia It is possible 
that the lowered synthesis of epinephrine fails to liberate glycogen 
fiom the storage depots 23 

PITUITARY DYSFUNCTION 

There remains consideiable complexity in the relation of the pituitary 
body and its diseases to carbohydrate metabolism Two observations 
seem authentic The posterior lobe of the pituitary body is antagonistic 
to the action of insulin , 21 and diminution of posterior lobe secretion 
either experimentally or clinically results m a high tolerance for 
sugars 25 Clinically, the syndrome supposed to result from insufficiency of 
the anterior lobe is accompanied by a high toleiance for carbohydrates 2( ‘ 
Wilder 27 recently reviewed the relations of the hypophysis to sugar 
metabolism He described a new syndrome, pituitary hypoglycemia, 
and repoited two cases as examples of the condition Both patients 

21 Titus, P , Willetts, E W , and Lightbody, H D Fluctuations in Blood 
Sugar During Eclampsia Report of Additional Cases, Am J Obst & Gynec 
19 16 (Jan ) 1930 

22 Longcope, W T Hypoglycemia in Scleroderma, Metabolism in Eight 
Cases with Reference to Function of Glands of Internal Secretion, JAMA 
90 1 (Jan 7) 1928 See also Wadi, W Ueber Hypoglykamie bei Morbus addi- 
sonu, Klin Wchnschr 7 2107 (Oct 28) 1928 

23 Anderson recently described a case of tumor of the suprarenal with fatal 
hypoglycemia (A Tumor of the Adrenal Gland with Fatal Hypoglycemia, Am J 
M Sc 180 71 [July] 1930) 

24 Burn, J H The Modification of the Action of Insulin by Pituitary 
Extract and Other Substances, J Physiol 57 318, 1923 

25 Cushing, Harvey W The Pituitary Body and Its Disorders, Philadelphia, 
J B Lippmcott & Company, 1912 

26 Cushing, H Neurohypophysial Mechanisms from a Clinical Standpoint, 
Lancet 2 175 (July 26) 1930 

27 Wilder, J Em neues hypophysares Ixrankheitsbild Die hypophysare 
Spontanhypoglykamie, Deutsche Ztschr f Nenenh 112 192 (May) 1930 
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had slight enlargement ot the sella tuicica, one displayed slight acro- 
megalic tendencies The clinical couise resembled that of mild hypei- 
msuhnsim m the recuirmg seizui es of hypoglycemia An extiact ot 
the antenor lobe of the pituitary was of value m checking attacks 

In Wilder’s 27 review, several persons with pituitary turnoi aie 
mentioned who showed hypoglycemia Lloyd 28 found that a patient 
with proved pituitary turnoi who died in convulsions also had hyper- 
tiophy of the islands of Langerhans and the paiathyroids Unfortu- 
nately, no estimations of blood sugar were made during the seizui es 

THYROID INSUFFICIENCY 

The evidence as to the existence and degiee of hypoglycemia m hypo- 
thyroidism is controversial Expeiunents indicate a loweied level 
for blood sugai following removal of the thyroid, at least m some 
animals 29 It is also stated that increased toleiance for sugar occui s 
in myxedema , 30 so that large amounts of sugar may be taken without 
producing glycosui la Campbell 31 found definite hypoglycemia and 
mci eased toleiance foi carbohydrates in two cases of myxedema and 
in three cases of hypothyroidism following operation for exophthalmos 
Administiation of thyioid extract raised the fasting sugar level 

On the other hand, in hypothyioidism, cietmism and myxedema, 
Gray 32 obseived normal values for sugar during fasting, sugar tolei- 
ance curves were high and sustained and weie only slightly lower than 
those of pei sons with hypeithyioidism Similar lesults are lepoited 
"by Gardmei-Hill, Biett and Smith , 33 in fifteen myxedematous persons, 
the blood sugar value during fasting was about normal, while sugai 
toleiance cuives weie higher and more prolonged than normal They 
suggested that the mfiequent glycosui la is due to a high renal thieshold 
an inference that might account foi the supposed high caibohydrate 

28 Lloyd, PC A Case of Hypophyseal Tumor with Associated Tumor-Like 
Enlargement of the Parathyroids and Islands of Langerhans, Bull Johns Hopkins 
Hosp 45 1 (July) 1929 

Bodansky, A , Sutherland, S , and Goldberg, S A Case of Hyper- 
glycemia in a Thyroidectomized Sheep, Proc Soc Exper Biol & Med 20 195, 
1922 Werner, G Variations de la glycemie et de la sero-calcenue dans le 
syndrome athyroidien experimental, Compt rend Soc de biol 100 926 (April 8) 
1929 

30 Sharpey-Schaffer, Sir E The Endocrine Organs, ed 2, London, Long- 
mans, Green & Company, pt 2, p 35 

31 Campbell, J W Low Blood Sugar in Hypothvioid Conditions, J Kansas 
M Soc 30 365 (Nov ) 1929 

32 Gray, H Blood Sugar Standards II In Conditions Neithei Normal 
nor Diabetic, Arch Int Med 31 259 (Feb ) 1923 

33 Gardiner-Hill, H , Brett, P C , and Smith, J F Carbohydrate Tolerance 
in Myxoedema, Quart J Med 18 327 ( April) 1925 
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tolerance of myxedematous persons In then experience tlmoid extract 
did not iaise the level for sugar duung fasting, but brought the sugai 
toleiance curves down toward noimal One may assume, then, that 
certain myxedematous patients may exhibit hy pogly cenna, but the 
degree is not gieat and is usually not responsible foi symptoms 

PLURIGLANDULAR SYNDROMES 

( a ) Undei the title, “Suprarenal Insufficiency with Dysmsulinism, 
Gougeiot and Peyre 31 described six persons with pigmentation, hypo- 
tension and feebleness before meals associated with mild hy pogly cenna 
(fiom 67 to 56 mg ) and relieved by sugar Syphilis was consideied 
to play an impoitant causative iole No fatalities occurred No patho- 
logic data weie given 

(b) Long cope 23 reported hypoglycemic attacks in a man with 
scleiodeima who had a bionzed skin, hypotension and a low basal 
metabolic rate He drew attention to the similarity to Addison’s disease 
Thyioid extract impioved the scleioderma and elevated the metabolism, 
but had no eftect on the blood sugar or the attacks 

(c) Stenstiom 13 described a young woman, amenorrheic, without 
axillary 01 pubic hair and with scant eyebiows, who suffeied a single 
attack of hypoglycemic coma The basal metabolic rate was low 
She was brought out of a ligid coma by the injection of epinephrine, 
and was kept free from attacks, with normal blood sugar, by the admin- 
istration of supiaienal and thyioid extiacts 

( d ) In a somewhat similar case of Petterson’s, 35 a young woman, 
amenoirheic and with scant hair, lapsed into hypoglycemic coma She 
was levned and had no further seizures, but died three months later 
with a noimal blood sugar Small pituitary and thyroid glands, with an 
alteied supiaienal cortex and sclerosed ovaries, were found at autopsy 
Injection of her blood into a labbit caused no fall in blood sugar 

OTHER TYPES OF HYPOGLYCEMIA 
HEPATIC PIYPOGLYCEMIA 

In addition to the foregoing discussion of the iole of the liver in 
maintaining blood sugar, reference may be made to the excellent work 
of Mann 30 and his colleagues m clarifying this relation Hence one 

34 Gougerot, H and Peyre, E Suprarenal Insufficient with Dysmsulinism 
New Pluriglandular Svndrome, Compt rend Soc de biol 93 1202 (Nov 20; 
1925 

35 Petterson, A S Em Fall von spontanem hypoglykamischen Koraa, Acta 
med Scandinav 69 232, 1928 

36 Mann, F C The Eftects of Complete and of Partial Remo\al of the 
Liver, Medicine 6 419 (Dec ) 1927 
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might expect hypoglycemia fiom destiuctive lesions of this gieat gly- 
cogen depot This occurred in a case lecently repoited by Nadler 
and Wolfer 37 A patient whose liver was addled with carcinoma 
suffered attacks of extreme hypoglycemia dui mg the last thiee months 
of life 

Josephs 38 had pieviously reviewed the hteratuie of lecuuent vomit- 
ing m children, finding various degrees of associated hypoglycemia 
He was inclined to view the fatty degeneration of the liver found in 
fatal cases as a possible cause of the hypoglycemic seizui es Certain 
cases of hypoglycemia in children repoited by Griffith 39 and that of 
Snapper and van Cieveld 10 may belong in this gioup 

Wagner and Parnass, 41 in the first report of clinical hypoglycemia 
that we have found m the hteiature, described a child whose only 
symptoms were weakness and a large abdomen due to a tremendous 
liver Glycosuria and hypeiglycemia after meals alternated with extieme 
hypoglycemia and ketonuna on fasting Although the blood sugar 
was “absent” at times, no symptoms of shock were noted 

Though we shall not review the hypoglycemic effects of hepatotoxic 
substances, the observations of Le Count and Singei 42 on alcoholic 
addicts are pertinent The fatty infiltration uniformly found in the 
livei and the death in convulsions of one patient with a blood sugai 
content of 67 mg suggested that sudden death in alcoholic peisons 
and “whiskey fits” might be due to hypoglycemia They considered 
that the glycogen-storing capacity might be reduced by the fatty infiltra- 
tion caused by alcohol This hypothesis must await further studv 43 

MUSCULAR DYSTROPHY 

In new of Con and Con’s hypothesis of muscle glycogen as a 
souicc of blood sugai, refeired to, one might seek foi hypogl)cemia 
m destructive muscular lesions Scheimann 44 investigated the carbo- 

37 Nadler, W H , and Wolfer, J A Hepatogenic Hypoglycemia Associated 
with Primary Liver Cell Carcinoma, Arch Int Med 44 700 (Nov ) 1929 

38 Josephs, H Spontaneous Hypoglycemia in Childhood, Am J Dis Child 
38 746 (Oct ) 1929 

39 Griffith, J P C Hypoglycemia and the Convulsions of Earl> Life, J A 
M A 93 1526 (Nov 16) 1929 

40 Snapper, L , and van Creveld, S Un cas d’hypoglycemie avec acetonemie 
chez un enfant, Bull et mem Soc med d hop de Paris 52 1315 (July 26) 1928 

41 AVagner, R, and Parnass, J K Ueber eine eigenartige Storung des 
Kohlen Draststoffwechsels, Ztschr f d ges exper Med 25 361, 1921 

42 Le Count, E R , and Singer, H A Fat Replacement of the Glycogen m 
Liver as a Cause of Death, Arch Path 1 84 (Jan ) 1926 

43 Cammidge, P J Hypoglycaemia, Lancet 2 1277 (Dec 20) 1924 

44 Scheimann, M S Der Kohlenhydratumsatz bei der Dystrophia muscu- 
lorum progressiva, Arch f Psychiat 87 665, 1929 
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h\ chute metabolism in eight peisons with piogiessne mtiscului atrophy 
and found two with hypoglycemic levels Xo sMiiptom-> or shock 
ajjpeared 

kEXAr DIABETES 

Many authois have found a tendency towaid low blood sugai in 
renal diabetes 15 Usually the degiee of depression is slight and no 
symptoms are associated The sugar lost in the urine appaiently is 
not lesponsible, for excietion of large amounts of sugai is not always 
associated with shock 10 Mild symptoms from the h> poglvcemia 
occuiied in Gibson and Lanmer’s 17 patient Certain of the fifty cases 
of mild hypoglycemia studied by Hoxie and Lisherness 18 piobably were 
due to renal gbycosuiia 

LlCHTION AND PREGNANCi 

Hypoglycemic seizin es in a nursing mothei who also had pulmonai} 
tubeiculosis and valvular heait disease were delineated by Stenstiom J0 
The attacks weie lessened by cutting down the high amount of fat 
in the diet, and eliminated by weaning the child After w'eaning, the 
same diet no longer produced the seizures 

Relative h)poglycenna associated with eclampsia was obsei\ed by 
Titus, Willetts and Lightbody 21 Sharp drops m the blood sugai pie- 
cechng convulsions yveie noted, but the level of hypoglycemia was 
not low A rise of blood sugai followed the convulsion It seems 
unlikely that the convulsion lesults fiom the hypoglycemia 

FATIGUE 

Physical exhaustion m maiathon runners is attnbuted to the pro- 
duction of hypoglycemia by Levine, Gordon and Denck 00 Less 
conspicuous aie the cases of hypoglycemia from chronic fatigue, but 
many of Lfoxie and Lisheiness ’ 48 cases could be explained on no othei 
basis 

45 Jonas, L Renal Glycosuria, M Clin North America 6 1079 (Jan ) 1923 
Gibson, R B , and Larimer, R N Hypoglycemic Symptoms Provoked bv 
Repeated Glucose Ingestion in a Case of Renal Diabetes, J A M A 82 46S 
(Feb 9) 1924 

46 Jonas (footnote 45, first reference) 

47 Gibson and Larimer (footnote 45, second reference) 

4S Hoxie, G H, and Lisherness, G M Hypoglycemia, Am J M Sc 173 
220 (Feb) 1927 

49 Stenstrom, T Spontane hypoglykamische Reaktion bei stillender Frau 
Deutsches Arch f khn Med 153 181, 1926 

50 Levine, S A Gordon, B , and Derick C L Some Changes in the 
Chemical Constituents of the Blood Following a Marathon Race JAMA 
S2 1778 (May 31) 1924 
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INFECTIONS 

Ceitam infections, such as diphtheria, cholera, typhoid, late tuber- 
culosis and expei imental trypanosomiasis, are accredited by some wnteis 
with pioducmg hypoglycemia It is not within oui scope in this papei 
to investigate extraneous causes of hypoglycemia 

TERMINAL HYPOGLYCEMIA 

Teiminal hypoglycemia in diabetes has alieady been mentioned 
Ashe, Mosenthal and Ginsbeig 51 discussed a case in which the patient 
died in uienna with a blood sugai level of 30 mg 

SUMMARY 

Hypoglycemia may lesult fiom several types of abnoimal mecha- 
nisms (1) fiom distuibance of caibohydiate contiol (a) thiough 
o\erproduction of insulin by hyperf unction, hypertrophy or tumor of 
the islets or ( b ) through loss of the substances that are antagonistic 
to insulin as m hypo-adienahnism, hypothyi oidism, pituitary dysfunction 
oi combinations of these, (2) fiom interference with stoiage or lelease 
of glycogen in the depots of the body — the liver and muscles — or fiom 
depletion of glycogen from physical effort, (3) fiom conditions in which 
dextrose is lost fiom the body as such, e g , in renal diabetes, or as 
other sugai , e g , m lactation The most impol tant cause, by fai , is 
that of oveipioduction of insulin 

In attempting to distinguish the vanous types of hypoglycemia, 
one must look foi concomitant evidence of disoideis of the endocrine 
glands oi glycogen depots or of the loss of caibohydiate Hypogly- 
cemia of pancreatic origin piesents a typical syndrome lecognized with- 
out difficulty 

The point of distinction between hypoglycemic seizuies and othei 
convulsive states lests on the depressed blood sugar level A histoiy 
of relief tiom the ingestion of food often suggests this investigation 

A lenew of the clinical manifestations of pancreatic hypoglycemia 
has been attempted, based on the cases leported m the liteiatuie A 
typical case of hyperinsulmism has been added to this gioup In order 
to contrast panel eatic with other forms of hypoglycemia, examples of 
the vanous types of spontaneously appealing hypoglycemia have been 
cited Outlines of the details of the available lepoits of pancieatic 
hypoglycemia and of leading cases of the othei types are given in the 
accompanying tables 

51 Ashe, B I , Mosenthal, H O , and Ginsberg, G Hypoglycemia, With and 
Without Insulin, With and Without Symptoms, J Lab & Clin Med 13 109 
(Nov) 1927 
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BOSTON 

In many clinical conditions involving the hematopoietic oigans, 
cholesterol and lecithin show deviation from the noimal, indicating that 
in some way, dnectly or indirectly, the metabolism of these substances 
may be intimately related to the functioning of the blood-forming tis- 
sues 1 A very small amount of data is available, howevei , which 
definitely cori elate a functional physiologic state of the hematopoietic 
organs with the lipoids of the blood 

It is well known that exposuie to low barometnc piessuie, that is, 
to low oxygen tension, will cause a stimulation of the blood-foiming 
oigans This has been lepeatedly venfied 2 since Viault 3 demonsti ated 
that the peripheral blood of man in passing from a low to a high alti- 
tude shows an mciease of red blood cells and hemoglobin Zuntz and 
his associates 4 and Dallwig, Rolls and Loevenhart 5 6 also found evidences 
of stimulation of the bone marrow in animals subjected to low oxygen 
tension From their expemnents they concluded that “the bone mariow 
has no power to adapt itself to decreased oxygen supply since the 
increased rate of erythrocytes and haemoglobin fonnation continue 
indefinitely for a given oxygen tension ” This has been substantiated 
tiom a different angle by the results of Baicioft and the other membeis 
of the Ceiro de Pasco Expedition 0 ' who demonstrated that at an alti- 

4 Submitted for publication, Oct 30, 1930 

f From the Thorndike Memorial Laboratory of the Boston City Hospital, and 
the Leadville Expedition from the Harvard Fatigue Laboratory, D B Dill, 
Director 

* Anna Ryan, \ B , gave us technical assistance 

1 Muller, G L Medicine 9 119, 1930 

2 Schneider, E C Physiol Rev 1 631, 1921 

3 Viault, F Compt rend Acad d sc 111 917, 1S90, 114 1562, 1892 

-1 Zuntz, N , Loewy, A , Muller, F , and Caspari, W Hohenklima und 
Bergwanderungen, Berlin, Bong & Company, 1906 

5 Dallwig, H C , Kolls, A C , and Loevenhart, A S Am J Phy siol 39 
77, 1915-1916 

6 Barcroft, J The Respiratory Function of the Blood I Lessons from 
High Altitudes, London Cambridge University' Press, 1925 
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tude of 14,200 feet, concomitant with the increase of red cells and 
hemoglobin in the blood, there was an increase of reticulocytes to about 
4 9 per cent in normal persons However, an mciease of the absolute 
number of reticulocytes was also found constantly m the permanent 
lesidents of the region, and it was concluded that the rate of production 
of red blood cells fiom a given quantity of bone marrow was the same, 
but that in high altitudes the active bone marrow was increased m 
volume Barcroft and his associates thought, theiefore, that the reticu- 
locytes aie probably not extruded in greater numbers than correspond 
to the increase of the number of erythrocytes m the peripheral blood 

All the evidence thus points to an active stimulation of the blood- 
forming organs or to an extension of the noimally functioning bone 
mairow when man or animals are subjected to low oxygen tension 

EXPERIMENTAL WORK 

This paper deals with the amount of cholesteiol, lecithin and fatty 
acids in the blood of four healthy young men during an expedition to 
Mount Elbert, Colorado in the summer of 1929 The ascent to the 
10,000 foot level was made by automobile or tram, and from the 10,000 
foot level to the 14,000 foot level by horse most of the way The lipoids 
have been correlated with the oxygen capacities of the blood as a measure 
of the functioning hemoglobin, and occasionally with the red blood cell 
count Material foi the determinations was collected by members of 
the expedition at a 10,000 foot level, and in two of the subjects, for a 
short time, at a 14,000 foot level Specimens of the blood were taken 
twelve hours after arrival on the mountain at the 10,000 foot level but, 
unfortunately, conti ol determinations at sea level were not obtained 
before the ascent Determinations of the lipoids on three of the subjects 
at sea level were made one year latei m the eaily summer of 1930 so 
as to exclude any possible seasonal effect 7 The cholesterol was deter- 
mined by the method of Bloor, Pelkan and Allen, 8 9 the lipoid phosphorus 
by the method of Whitehorn 3 and the oxygen capacity by the method 
of Van Slyke 10 The results obtained are set forth in the tables with 
explanatory data 

The examination of these tables levealed that with the methods used 
no demonstrable change occuued in the amount of cholesterol during 
the stay at the 10,000 or the 14,000 foot level One subject seemed to 
show a slight fall of the lecithin phosphorus during the first week of 

7 Currie, A N Brit J Expei Path 5 293, 1924 

8 Bloor, W R , Pelkan, IC F , and Allen, DM J Biol Chem 52 191, 

1922 

9 Whitehorn, J C J Biol Chem 62 133, 1924 

10 Van Slyke, D D , and Stadie, W C J Biol Chem 49 1, 1921 



Table 1 — Lipoids and Oxygen Capacitv of Blood tit A /' 
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terol, 

phorus, 

Acids, 




Mb per 

Mg per 
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Red Blood 
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100 Cc 

100 Cc 
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per C Mm 
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1 
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88 
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89 
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back to the top 

2 

13 
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122 

19 27 

19 05 

1 

00 p ill 

10,000 feet ubo\e 
sea lev el 


Table 2 — Lipoids and Oxygen Capacity of Blood in A M P 



Choles 

terol, 

Lecithin 

Phos 

phorus, 

Fatty 

Acids, 

Oxygen 


Mb per 

Mb per 

Mb per 

Capacity, 


100 Cc 

100 Cc 

100 Cc 

per Cent 

Days 

Plasma 

Plasma 

Plasma 

by Volume 

1 

153 

75 

3G1 

21 G7 


2 

142 

75 

427 

21 72 

1 

133 

7 4 

41S 

20 49 

5 
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71 

434 
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G 
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73 

4b0 
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7 
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79 
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8 
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88 
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13 
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78 
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10 
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S3 
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his lesidence at the 10,000 foot level (table 3), while a slightly highei 
level of lecithin phosphorus was observed at the 14,000 foot level in 
another (table 2) than at the 10,000 foot level These variations, how- 
ever, aie slight and not uniform Neithei can any significant change 
be demonsti ated m the oxygen capacity of the blood that can be ascribed 
to the change of the oxygen tension of the an 


Table 3 — Lipoids and Oxygen Capacity of Blood in J H T 


Days 

Choles 
terol, 
Mg per 
100 Cc 
Plasma 

Lecithin 
Phos 
phorus, 
Mg per 
100 Cc 
Plasma 

Patty 
Acids, 
Mg per 
100 Cc 
Plasma 

Oxygen 
Capacity, 
per Cent 
by Volume 

Red Blood 
Cells, 
per C Mm 

Time of 
Obtaining 
Blood 
Sample 

Comment 

1 

166 

S 6 

377 

22 45 

5,680,000 

9 00 a m 

10,000 feet above 

2 

159 

9 1 

301 

22 55 

5,460,000 

9 00 am 

sea level first 
blood sample 
taken 12 hours 
after arrival 

3 

173 

82 

393 

23 23 

5,780,000 

9 00 a m 


4 

103 

S 4 

322 

23 55 

5,860,000 

9 00 a m 


5 

170 

79 
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5,710,000 

9 00 am 


G 
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9 00 a m 


S 
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70 
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9 

11 

13 

17 

39 
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1 
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2 
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9 00 a m 


3 

1S4 

80 
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9 00 a m 


4 
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87 
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Table 4 — Lipoids and Oxvgen Capacity of Blood in D B D 
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Choles 

Phos 
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terol. 

phorus, 

Acids, 

Oxygen 

Time of 



Mg per 

Mg per 

Mg per 

Capacity, 

Obtaining 



100 Cc 

100 Cc 

100 Cc 

per Cent 

Blood 


Dajs 

Plasma 

Plasma 

Plasma 

by Volume 

Sample 

Comments 

l 

133 

7 9 

425 

19 65 

9 00 am 

10,000 feet above sea level 

2 

132 

Si 

43S 

20 00 

9 00 am 

First blood sample taken 12 
hours after arrival 

3 

135 

S 2 

42G 

19 71 

9 00 a m 


4 

134 

f i 

416 

19 87 

9 00 a m 


21 




20 08 

9 00 am 



1 
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79 
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9 00 a m 

Sea level 

3 

141 

S 1 

°95 

9 00 a m 


S 

143 

79 
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9 00 am 


11 

144 

7 7 
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9 00 a m 



In the three subjects m whom the lipoids of the blood were deter- 
mined at the sea level, the average cholesterol values, when compared 
with those obtained on Mount Elbert, weie slightly higher m two and 
lower in one These results thus are contradictory, and whether any 
significance can be attached to them is problematic It is, however, 
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nutewoithy that the amounts of cholesteiol in health} men vai> con- 
siderably fiom each othei, but that they are regulated at a paiticulai 
level dm mg a given peuod m the same peison in a fairly constant 
mannei 

The lecithin phosphorus in two subjects was piacticalh the same 
at sea level and at the 10,000 foot level In a thud subject (table 3) 
the average lecithin phosphorus was 7 7 mg pei hundred cubic centi- 
meters of plasma at the 10,000 foot level and 9 2 mg at the 14,000 
foot level, as conti asted with 9 6 mg per hundied cubic centimeters at 
sea level No tiend that seemed of any significance could be made out 
in the level of the fatty acids 

COMMENT 

A veiy small amount of data is available on the lipoids ot the 
blood m high altitudes Rabbeno, 11 making deteimmations on himself, 
came to the conclusion that on Col d’Olen (altitude 10,000 teet) the 
cholesteiol remained unchanged foi from three to four da}s, and then 
inci eased This phenomenon was more maiked in November than in 
the summer months, so that the lower temperatuie must be consideied 
as well as the laief action of the air Schemensky, 3 - stud} mg his own 
blood at sea level and at Davos (altitude about 5,100 feet), thought that 
theie was a slightly higher cholesteiol level at Davos Fiom the exami- 
nation of his figuies, however, there does not seem to be an} cleaih 
established change His examinations include two other pei sons with one 
deteimination each at Beilm and at Davos which showed lespectivelv 
135 and 165 mg per hundied cubic centimeters of plasma at Beilin and 
178 and 246 mg pei hundred cubic centimeters of plasma at Davos 
Foui lesidents at Davos gave values between 235 and 481 mg of 
cholesterol pei hundred cubic centimeters of plasma (one deteimination 
each) while two tuberculous patients had 195 and 246 mg pei hundred 
cubic centimeteis of blood Schemensky concluded that in high alti- 
tudes theie aie gieatly increased values of cholesterol, almost equal to 
those seen in nephi ltis Decreased atmospheric pressure alone caused no 
change in cholesteiol in animals, but one dog exposed to sunlight had 
a maiked increase of cholesterol in the blood Schemensky theiefoie 
suggested that light may play some pait Gumea-pigs at sea level had 
trom 30 to 40 mg of cholesterol per hundred cubic centimeters, while 
gumea-pigs at Davos showed from 71 to 88 mg per hundred cubic centi- 
meters of blood As the altitude of Davos is only about 5,000 feet, 
distinct physiologic changes due to decreased oxygen tension are not 

11 Rabbeno A Arch di sc biol 9 161, 1926, abstr , Ber u d ges Physiol 
40 409, 1927 

12 Schemenskj, W Ztschr f khn Med 111 205, 1929 
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to be expected On the othei hand, Sundstroem and Bloor 13 repoited 
a deciease of the lipoid phosphorus of approximately 13 2 per cent in 
animals subjected to low barometric pressure They suggested that the 
first phase of stimulation of the bone mairow resulting fiom a lowering 
ot the oxygen tension is an enrichment of the erythropoietic organs with 
lipoid material 

From our data it may be concluded that, with the methods used, no 
consistent significant change can be demonstrated in the amount of 
lipoids m the blood of healthy men subjected to low baiometnc pres- 
sure at altitudes of 10,000 and 14,000 feet This may be due to the 
fact that an altitude of 10,000 feet is too low to produce any marked 
physiologic changes, as suggested by Barcroft, 0 and that the residence 
of oui subjects at the 14,000 foot level was of too short duiation As 
no maiked stimulation of the hematopoietic oigans was obseived, as 
evidenced by the unchanged level of red blood cells and hemoglobin 
(leticuloc) te counts were not made), the lesults obtained do not throw 
any light on the relation between increased blood fonnation under 
physiologic conditions and the lipoids of the blood 

conclusions * 

Cholesterol, lecithin phosphorus, fatty acids and the oxygen capacity 
ot the blood were detei mined in four healthy men at sea level and during 
several days’ residence in Leadville, Coloiado, 10,000 feet above sea 
level, and latei in two subjects at Mount Elbert at a 14,000 foot level 
No consistent significant changes were obseived in these constituents 
of the blood that could be ascribed to the high altitude 


13 Sundstroem, E S , and Bloor, W R J Biol Chetn 45 153, 1520 



A BIOMETRICAL ANALYSIS OF TWO THOUSAND FIVE 
HUNDRED AND SIXTY-TWO COMPLETE EXAM- 
INATIONS OF THE BLOOD * 

EDGAR T HERRMANN, MD 
sr pul 

Estimations ot the hemoglobin and moiphologic constituents ot the 
blood have been detei mined on Iaige groups of normal peisons undei 
va lying conditions Further statistical inquiiy would be useless, yet 
theie are ceitam data, acquired in sennpathologic investigations, that 
aie still open to funtful inquny It is with e\ents of this soit that the 
piesent papei concerns itself 

Theie is a huge gioup ot ambulant peisons, neither ill noi well, who 
every day subject themselves to medical inquny Among them majoi 
physical damage is the exception, and subjective functional distui banco 
the uile They aie the people with elusive focal infection, malnutntion, 
distui bed gasti o-enterologic function, neurocirculatoiy asthenia, etc 
Peisons of this type as well as otheis with organic lesions in whom no 
maiked changes in the blood weie evident form the basis foi the present 
survey No fiank diseases of the blood or other unusual vanants were 
included m the 2,562 cases here recorded Marked leukocytosis 01 leu- 
kopenia, ovei 15,000 01 below 4,000, was i uled out Shaip anemias or 
polycythemic conditions weie likewise not included 

The object in the present study was to measuie the frequency dis- 
tnbution in the vanation of the separate elements concerned in an exam- 
ination of the blood by detei mining the constants which would give a 
sufficient picture of the cential or typical condition with lespect to each 
element The three constants ascertained for each element w r ere, in turn, 
the anthmetical mean, the median and the mode By definition the mean 
supplies the center of gravity of the frequency distribution, the 
median is the value above and below which exactly' 50 per cent of the 
vanates fall, while the mode establishes a figuie exhibiting the maxi- 
mum fiequency of occunence The degree of scatter of the observed 
vanates was detei mined by the computation of the standpid deviation 
as well as the geneial coefficient of variation in each case The signifi- 
cance of the established constants was checked by the estimation of the 
probability of error in the case of both the mean and the median for all 
obseived elements It was hoped that in this way true values could be 

Submitted for publication, Sept 17, 1930 
' From the Miller Hospital Clinic 
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established and the comparative accuracy of the arithmetical mean for 
observations of this type be detei mined The first effoit, then, was 
directed toward giving as true an account as possible of the complete 
blood picture occurring not in the normal subject, but in the average 
ambulant patient seeking medical advice Furthei, it was hoped that 
it would also appear whether or not there was a seasonal or othei 
rhythmic vanation observable in time, affecting any or all of the con- 
stituents of the blood examined Because of the natuie of the problem, 
a time interval of two years was chosen, the dividing unit in each case 
being the month In the charts the number of cases will be found on the 
abscissal line just above the respective month 



hemoglobin The mean range was between 71 0 and 82 1 per cent 


In geneial, the examinations were made from two to thiee hours 
after breakfast, on an empty stomach, between 11 a m and 2 pm 
Throughout the series no more than three observers weie concerned, 
all competent and all trained by the same person A Daie hemoglobin- 
oineter was used m estimating hemoglobin values, and the Burkei count- 
ing chamber with lespective pipets was employed for determinations of 
red blood cells and leukocytes Differential counts weie made m all 
cases from slides colored with Wright’s stain, and 200 cells weie counted 
The Dare instrument used reads between 90 and 95 pei cent for 
red blood cell values of 5,000,000 per cubic millimetei On a scale of 
100 per cent this means that the observed readings fall 6 points low 
Chart 1 shows the degree of variation obtained The arithmetical mean 
is seen heie to fall between the median, which usually lies from 0 5 to 




IIERR\IAX\—I3I0\IL1RIC1L JY/LWb 01 BlOOD 

3 per cent above it, and the mode, King somewhat less than that below 
it The narrow, unbioken line running puiullel to the mean and 6 points 
above it lepresents the theoretical hemoglobin \altie in these cases on 
the basis of a 100 per cent leading for 5,000,000 ted blood cells 'I he 
mean range throughout the tw r o )eais is practically 10 pei cent Two 
interesting featuies emeige clearly fiom the giaph The first is the low 
average for hemoglobin encounteied, actually 76 pei cent, and on the 
corrected scale only 81 per cent Such figuies do not, of coitise. signify 
anemia even though they are somewhat low Ihe next mtei esting tiling 
is the obseived difference in the leadings of the mean, median and mode 
Estimation of piobable enois establishes the lecoided diffeienees as 

100 

% 

90 


60 


TO 


O 

Chart 2 — The 1926 (heavier line) and 1527 (lighter line) means for hemo- 
globin 

significant Chart 2 is a visual poitiayal of the mean variation cuives 
throughout the two years It is at once apparent that no simulant) of 
variation obtains in relation to the monthly time intei val 

What has been said of the hemoglobin values applies with equal point 
to the eiythiocytes Chart 3 represents the observed variation of these 
All of the readings lie below the accepted normal figure for men, and 
in every month but one they are under 4,500,000 Heie, too, the dif- 
ference m the three constants is brought out significantly in May, 1926, 
when an interval of almost 500,000 sepaiates the mode and the median 
The subjoined tables of probability of error again establish the differ- 
ences as real Chart 4 shows that theie is no rhythmic vanation present 
fiom month to month 



Jan Feb. Mcfi Apr May June July Auf jept Oct Nov Dec 



864 


ARCHIVES OF INTERNAL MEDICINE 



1926 192T 


Chart 3 — Mean (solid line), median (dash line) and mode (dotted line) for 
red blood cells The mean range was between 4,080,000 and 4,540,000 



Chart 4 — The 1926 (heavier line) and 1927 (lighter line) means for red blood 
cells 
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The extreme labilitv ot myeloid function makes am total leukocy tK 
variation subject to much conditional interpretation Thus the duih 
leukocyte count has been shown to change with the hours Ellermnnu 
and Erlandsen demonstrated a vanation of horn 7,400 to 10,000 white 
cells from 6 a m to 7 p m , while Shaw held that theic aie tw T o leuko- 
cytic tides duung the twenty-four houis, both leaching their flood soon 
aftei noon and midnight He doubted the existence ot digestne leuko- 
cytosis, since his cuives w r eie independent of food, exeicise and sleep 
In chait 5, the mean lange is fiom 7,280 to 9,060 foi the two years 
Here also the anthmetical mean piesents a high figure and the median 
a low one, while the mode falls between the two The aveiage of the 



Chart 5 — Mean (solid line), median (dash line) and mode (dotted line') lor 
leukocytes The mean range was between 7,280 and 9,060 

arithmetical mean ovei two yeais is established at 8 160 cells, oi some- 
what higher than the usual noimal value This tendency to he abrne 
rathei than below the normal value may bear some relation to mild 
chronic infection, a question more thoioughly considered later Chart 6 
shows that there is, in fact, a partial symmetry of vanation m the two 
years Fiom Maich to October the cuives follow one another lathei 
closely, an intei esting circumstance On the othei hand, the months 
of November and Decembei show a wide difference, the meaning of 
'which at present remains unclear 

The diffeiential leukocyte values are heie lecoided ouh as two laige 
groups the polymoiphonuclear elements and a second gioup termed 
lymphoid cells Under the lattei heading are included small and large 
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lymphocytes as well as the cells at present classified as monocytes This 
was done for two leasons 1 Wnght’s stain was used, and with this 
stain the differentiation between the large lymphocyte and monocyte is 
at best not always easy The stain of choice would have been a modified 
Giemsa, which was not used in the laboratory throughout the period of 
observation 2 The derivation and classification of the monocyte is at 
this time the subject of much discussion among hematologists, and for 
statistical purposes eriors of moiphologic classification were sedulously 
avoided Briefly, the derivation of the monocyte has champions for 
three different points of origin Naegeli 1 held to their myeloid origin, 
Bergel 2 to their lymphoid origin and Schilling 3 to their origin from the 



Chart 6 — The 1926 (heavier line) and 1927 (lighter line) means for leukocytes 

reticulo-endothelial cells Finally, Kiyono 4 and Mosczytz 5 felt that 
they may be derived from all three These considerations led to the 
adoption of the term lymphoid as covering, m the mam, the large mono- 
nuclear cell, the transitional cell and the very large lymphocyte It 
will be found that the recorded percentage of these, taken together with 

1 Naegeli, O Blutkrankheiten und Blutdiagnostik, Berlin, Julius Springer, 

1923 

2 Bergel, S Die Lymphozytose, Berlin, Julius Springer, 1921 

3 Schilling, V Das Blutbild und seine klinische Verwertung, Jena, Gustav 
Fischer, 1926 

4 Kiyono, K Die vitale Karminspeicherung, Jena, Gustav Fischer, 1924 

5 Mosczytz, N Ztschr f klin Med 106 582, 1927 




1ILRRM L\ \ — BIO Mill h'JC 1L J \ ID Sis (>1 UIUOl » n >7 

that ol the poly morphonuclcai cells, roughly auaages 97 1 he lun.un- 

ing puccntagc tcpiesents eosinophils, which have not been graphically 
shown Xaegeli put the normal peicentage of lymphocytes ,it from 20 
to 25, of poly morphonuclcars at from 65 to 70, and of monocytes a» 
Horn 6 to 8 Schilling raised the normal lymphocytic \ dilation to 35 
per cent, while Egorov 0 found the normal value m Moscow to be 37 6 
pei cent The present senes shows an anthmetical mean average for 
lymphoid cells of 37 9 per cent, as recoided in chait 7 'lhe picsent 
aveiage for polymorphonucleais is 59 8 per cent, which yanes sharply 
fiom Egoioe’s value of 49 7 per cent oi Schilling’s of 67 per cent 4 he 



1926 192T 


Chart 7 — Mean (solid line), median (dash line) and mode (dotted line) for 
polymorphonuclears (upper group) and lymphoid cells (lower group) The mean 
range for poly morphonuclears was betyveen 56 0 and 63 2 per cent , for h mplioid 
cells, between 346 and 408 per cent 

diffeiencc may be accounted foi by geogiaplnc variation and different 
classification Egoiov’s lymphocyte percentage, established in 1924 
agiees with the piesent lymphoid average, the dififeience m the poly- 
morphonuclear percentage indicating principally a variation in mono- 
cytes Taken m conjunction with the polymorphonuclear \alue, one 
inclines to the belief that the lymphoid percentage here shown is high 
The mean lange is between 34 6 and 40 S per cent Both Arneth 7 and 


o Egoro; Ztschr r him Med 100 4S5, 1924, Therap Arch, 1924 \oI 2 

7 Arneth J Die ejuahtatne Blutlehn. I upzig \V Klmhhardt, 1920 
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Schilling showed that a model ate lymphocytosis occuis m chronic mlec- 
tions, m the postmfective stages of many maladies and m various types 
of intoxication This response is mteipieted as a successful reticulo- 
endothelial defense against infection, the holding in check, as it weie, 
of the piogiess of infection This point of view seems to be boine out 
in the present analysis As stated, many of these patients presented 
chronic focal infection of one soit or another, many also piesented 
intoxications of postfebnle 01 other ongm The behavioi of the pol)- 
morphonucleai s is, of course, complementaiy to that of the lymphoid 



Chart S — The upper curves show the 1926 mean (heavier line) and 1927 mean 
(lighter line) for polymorphonuclears , the lower cuives the 1926 and 1927 means 
for lvmphoid cells Two hundred cells were counted 

cells In chart 8 a lemaikable similar vanation is obseived ovei the 
two-year penod with reference to these cells Thus, May and June 
ot both years show a high peak of lymphoid response, with a gradual 
decimation throughout the lest of the year, while the leveise pictuie 
is true of the polymoiphonuclear cells The number of patients exam- 
ined and the range of variation observed (6 pei cent) make one feel 
that perhaps the obtained evidence of similar variation has some sig- 
nificance A further stud) of the coefficients of vanation may strengthen 
this view 
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Chart 9 portra} s the arithmetical mean averages, together with the 
probable errors of these averages, for the five elements investigated 
For 2,562 cases they show a hemoglobin value of 76 1 per cent (81 per 
cent on a 100 per cent basis), a red blood cell count of 4,140,000 and 
a leukocyte count of 8,160 

The differential blood picture shows an average of 59 8 per cent 
polymorphonuclear cells, 37 9 per cent lymphoid cells and 2 3 per cent 
eosinophils and basophils 



Chart 9— Arithmetical mean averages, with probable error, for polymorphonu- 
clears ( PMN’s ), lymphoid cells, leukocjtes, red blood cells and hemoglobin 

CONCLUSIONS 

1 The three accepted constants of variation differ significantly when 
applied to complete examinations of the blood 

2 For data of this kind, the arithmetical mean is a leliable constant 

3 The hemoglobin and erythiocyte \ allies in this group are defi- 
niteh below noimal 

4 The total leukocyte count is perhaps slightly above normal 

5 The percentage of lymphoid cells is above normal, probably 
because of chronic mild infections and intoxications 

6 There is presumably a significant similai vanation, month by 
month, among polymorphonuclear and hmphoid cells throughout a 
period of two years 



870 


ARCHIVES OF INTERNAL MEDICINE 


T\ble 1 — Constants Detei mined fo> Hemoglobin 


Month, 

1920 

Mean 

Median 

Mode 

Standard 

Deviation 

Coefficient of 
Variation, 
per Cent 

Januarj 

75 S 

76 0 

75 26 

7 57 

9 98 

February 

76 2 

76 0 

75 46 

8 04 

10 5 

March 

82 1 

83 6 

SO 04 

10 20 

12 5 

April 

76 7 

76 9 

74 16 

917 

12 0 

May 

76 5 

77 8 

76 43 

99 

12 9 

June 

76 4 

75 6 

76 21 

8 06 

10 5 

July 

76 9 

79 0 

76 77 

8 82 

115 

August 

74 0 

75 9 

73 58 

9184 

12 4 

September 

77 8 

78 0 

76 28 

9 37 

12 0 

October 

76 5 

75 5 

75 64 

7 59 

9 92 

November 

73 0 

73 0 

70 72 

10 26 

13 9 

December 

73 7 

73 5 

72 92 

8 52 

118 

1927 

January 

76 3 

76 4 

74 87 

9 40 

12 3 

February 

76 2 

76 o 

75 75 

S 04 

10 5 

March 

73 5 

73 7 

73 34 

6 90 

121 

April 

72 4 

73 4 

72 OS 

5 68 

9 88 

May 

71 0 

71 5 

7018 

S 6 

12 1 

June 

710 

71 3 

70 62 

7 35 

10 3 

July 

76 2 

77 4 

75 S4 

7 15 

9 39 

August 

77 6 

78 7 

77 35 

5 96 

76S 

September 

77 2 

79 2 

77 1 

S 21 

10 7 

October 

78 0 

79 0 

75 94 

7 72 

99 

November 

79 7 

79 9 

78 59 

6 42 

8 06 

December 

80 7 

816 

77 36 

7 21 

8 93 


T 4.BLE 2 — 

-Constants Ditei mined foi 

Eiythiocy tes 



Coefficient of 


Month 




Standard 

Variation, 

1926 

Mean 

Median 

Mode 

Deyiation 

per Cent 

January 

4,390,000 

4,350,000 

4,341,000 

415,200 

94 

February 

4,340,000 

4,330,000 

4,23S,000 

352,200 

811 

March 

4,350,000 

4,450 000 

4,342,920 

416,000 

9 562 

April 

4,380,000 

4,320,000 

4,361,S20 

40S 000 

9 312 

May 

4,080,000 

4,290,000 

3,978,000 

457,900 

112 

June 

4,360,000 

4,300,000 

4,194,000 

346,000 

7 93 

July 

4,390 000 

4,360,000 

4,322,000 

461,000 

10 5 

August 

4,250,000 

4,210,000 

4,211,000 

411,000 

9 68 

September 

4,380,000 

4,350,000 

4,377,000 

3So,000 

8 79 

October 

4,290,000 

4,210,000 

4,286,000 

347,000 

81 

November 

4,210,000 

4,190,000 

4,205,000 

340,000 

8 09 

December 

4,170,000 

4,110,000 

4,094,000 

447,000 

10 7 

1927 






January 

4,270,000 

4,280,000 

4,209,000 

393,000 

9 21 

February 

4,330,000 

4,280,000 

4,325,000 

423,000 

9 77 

March 

4,220,000 

4,200,000 

4,175,720 

490,000 

11 61 

April 

4,120,000 

4,200,000 

4,071,780 

4SO.OOO 

11 65 

May 

4,180,000 

4,120,000 

4,150,000 

385,000 

9 22 

June 

4,310,000 

4,180,000 

4,292,000 

386,000 

8 95 

July 

4,240,000 

4 260,000 

4,205,000 

452,000 

10 7 

August 

4,390,000 

4,350,000 

4,391,000 

243,200 

5 54 

September 

4,370,000 

4,360,000 

4,343,000 

389,000 

8 91 

October 

4,430,000 

4,420,000 

4,415,000 

424,000 

9 79 

November 

4,440,000 

4,410,000 

4,388,000 

343,000 

7 75 

December 

4,540,000 

4,460,000 

4,480 000 

34C 000 

7 63 
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Ta.bll 3 — Constants Dctei mined foi Leukocytes 







Coefficient of 

Month, 




Standard 

Variation, 

1926 

Mean 

Median 

Mode 

Deviation 

per Cent 

January 

S.S60 

8,140 

S,773 

2,250 

25 4 

February 

8,440 

7,740 

8,432 

1,980 

23 5 

March 

8,120 

7,970 

8,104 

2,440 

301 

April 

8,270 

7,640 

7,948 

2,110 

25 5 

May 

8,150 

7,660 

7,634 

2,100 

25 8 

June 

8,110 

7,900 

7,962 

1,840 

22 7 

July 

7,560 

6,900 

7,346 

2,170 

28 7 

August 

7,750 

7,480 

7.61S 

2,000 

25 9 

September 

S.200 

7,960 

7,911 

1,760 

21 5 

October 

8,300 

7,900 

8,049 

1,890 

22 8 

Novembei 

7,970 

7,760 

7,821 

1,870 

23 4 

December 

7,280 

6,720 

7,160 

1,520 

20 9 

, 1927 






January 

S,110 

7,350 

7,927 

2,210 

26 0 

February 

S,040 

7,750 

7,704 

1,930 

24 1 

March 

8,150 

7,720 

7,622 

2,070 

25 3 

April 

S,360 

8,260 

8,250 

2,140 

25 0 

May 

S.030 

7,600 

7,981 

1,900 

23 7 

June 

8,030 

7,700 

7.S43 

1,830 

22 8 

July 

7,500 

7,380 

7,480 

1,360 

18 2 

August 

S.110 

7,780 

8,074 

1,744 

21 5 

September 

8,430 

7,980 

S.396 

1,344 

16 0 

October 

8,510 

8,209 

8,450 

1,328 

15 6 

November 

8,650 

8,130 

S.3S3 

1,784 

20 6 

December 

9,060 

8,620 

9,050 

1,692 

IS 7 



Tjule 4 — Constants Dctei mined foi Polyinoi phonucleai 

S 

Month, 

192b 

i 

Mean 

Median 

Mode 

Standard 

Deviation 

Coefficient of 
Variation, 
per Cent 

January 

58 4 

59 4 

57 44 

12 40 

21 0 

February 

59 7 

59 0 

59 49 

10 09 

16 9 

March 

00 9 

61 1 

59 73 

11 54 

ISO 

April 

00 9 

58 9 

60 53 

913 

15 0 

May 

58 3 

58 1 

57 58 

12 SO 

219 

June 

56 0 

57 0 

55 53 

9 32 

10 6 

July 

61 6 

61 1 

61 34 

10 51 

17 1 

August 

48 7 

58 7 

58 24 

10 48 

17 9 

September 

60 2 

59 8 

59 89 

1015 

16 9 

October 

59 4 

60 7 

59 34 

12 20 

20 5 

November 

61 5 

62 3 

60 94 

10 36 

16 9 

December 

60 3 

59 0 

60 27 

9 25 

15 3 

1927 

January 

60 0 

61 3 

59 67 

S 69 

19 6 

February 

5S6 

59 0 

58 52 

10 20 

17 6 

March 

59 9 

59 7 

59 01 

11 12 

18 6 

April 

59 5 

58 5 

59 36 

11 19 

18 8 

May 

58 6 

58 7 

58 49 

10 69 

IS 3 

June 

57 5 

57 6 

57 30 

13 04 

22 5 

July 

COO 

59 5 

69 01 

9 22 

15 4 

4ugust 

59 0 

59 0 

58 90 

9 58 

16 3 

September 

60 5 

60 7 

59 20 

9 65 

16 0 

October 

63 2 

62 8 

62 82 

9 04 

15 2 

November 

61 9 

61 2 

61 66 

0 08 

10 7 

December 

601 

00 3 

59 62 

917 

15 2 
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Table 5 — Constants Determined for Lymphoid Cells 


Month, 

1926 

Mean 

Median 

Mode 

Standard 

Deviation 

Coefficient of 
Variation, 
per Cent 

January 

39 6 

3S 3 

38 3 

12 7 

32 0 

February 

39 6 

38 0 

38 5 

12 54 

31 7 

March 

37 4 

36 9 

36 9 

S 4 

28 3 

April 

37 S 

38 0 

371 

10 OS 

28 3 

May 

39 7 

38 7 

37 57 

12 20 

30 5 

June 

39 7 

39 S 

39 7 

10 21 

25 7 

July 

37 3 

37 0 

37 2 

9 71 

26 1 

August 

371 

36 9 

37 0 

10 SO 

291 

September 

37 8 

36 4 

37 7 

11 58 

30 6 

October 

37 2 

36 4 

37 0 

517 

25 6 

November 

36 7 

36 0 

36 0 

9 20 

251 

December 

37 8 

37 0 

37 6 

9 SO 

25 9 

1927 

January 

3S 6 

36 2 

37 3 

12 76 

33 0 

February 

36 8 

36 6 

36 3 

S 29 

22 5 

March 

3S3 

36 4 

37 8 

9 56 

24 9 

April 

37 6 

36 9 

37 4 

11 16 

29 7 

May 

3S7 

37 4 

38 4 

10 60 

27 4 

June 

40 S 

39 0 

39 9 

13 66 

33 5 

July 

38 3 

37 7 

37 7 

S 05 

21 0 

August 

39 2 

37 0 

37 3 

10 49 

20 S 

September 

361 

36 2 

35 6 

S 56 

23 7 

October 

34 6 

33 6 

34 4 

7 77 

22 7 

November 

36 2 

35 9 

36 1 

6 72 

IS 5 

December 

37 1 

35 3 

36 9 

8 92 

24 1 


Table 6 — Probable Enoi of Mean and Median Determined for Hemoglobin 


Month, 

1926 

Mean 

Probable Error, 
per Cent 

Median 

Probable Error, 
per Cent 

January 

75 8 

0 4719 

76 0 

0 5914 

Februarj 

76 2 

0 5716 

76 0 

0 7165 

March 

S2 1 

0 6443 

83 6 

OSOSO 

April 

76 7 

0 6155 

76 9 

0 7717 

May 

76 5 

0 670S 

77 8 

0 840S 

June 

76 4 

0 4968 

73 6 

0 7840 

July 

76 9 

0 5200 

79 0 

0 6593 

August 

74 0 

0 5585 

75 9 

0 7000 

September 

77 S 

0 5723 

78 0 

0 7170 

October 

7G 3 

0 5723 

75 5 

0 7170 

November 

73 0 

0 7507 

73 0 

0 9410 

December 

73 7 

0 6193 

73 5 

0 9120 

1927 

January 

76 3 

0 5S10 

76 4 

O72S0 

February 

76 2 

0 5317 

76 5 

0 6660 

March 

73 5 

0 5110 

73 7 

0 6400 

April 

72 4 

0 3654 

73 4 

0 45S0 

May 

71 0 

0 5553 

71 5 

0 6960 

June 

71 0 

0 5227 

71 3 

0 6550 

July 

76 2 

0 4S50 

77 4 

0 6070 

August 

77 6 

0 3213 

7S7 

0 4030 

September 

77 2 

0 52S4 

79 2 

0 6620 

October 

78 0 

0 5960 

79 0 

0 6220 

November 

79 7 

0 4112 

79 9 

0 5150 

December 

SO 7 

0 0223 

816 

O7S0O 
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Table 7- 

-Ptobable Enor of Mean and Median Detet mined for Erythi ocytes 

Month, 


Probable Error, 


Probable Error, 

1926 

Mean 

per Cent 

Median 

per Cent 

January 

4,390,000 

0 2600 

4, 350,000 

0 3250 

February 

4,340,000 

0 2532 

4,330,000 

0 3170 

March 

4,350,000 

0 3060 

4,450,000 

0 3820 

April 

4,380,000 

0 2720 

4,320,000 

0 3410 

May 

4,080,000 

0 3120 

4,290,000 

0 3910 

June 

4,360,000 

0 2130 

4,300,000 

0 2670 

July 

4,390,000 

0 2762 

4,360,000 

0 3460 

August 

4,250,000 

0 2435 

4,210,000 

0 3120 

Septembei 

4,380,000 

0 2372 

4,350,000 

0 2970 

October 

4,290,000 

0 2603 

4,210,000 

0 3260 

November 

4,210,000 

0 2270 

4,190,000 

0 2850 

December 

4,170,000 

0 3193 

4,110,000 

0 4000 

1927 





January 

4,270,000 

0 2422 

4,2S0,000 

0 3040 

February 

4,330,000 

0 2770 

4,280,000 

0 3470 

March 

4,220,000 

0 2750 

4,200,000 

0 3450 

April 

4,120,000 

0 3200 

4,200,000 

0 4010 

May 

4,180,000 

0 2477 

4,120,000 

0 3170 

June 

4,310,000 

0 2761 

4.1SO.OOO 

0 3460 

July 

4,240,000 

0 3061 

4,260,000 

0 3837 

August 

4,390,000 

01523 

4,350,000 

0 1906 

September 

4,370,000 

0 2514 

4,360,000 

0 3150 

October 

4,430,000 

0 2777 

4,420,000 

0 34S0 

November 

4,440,000 

0 2199 

4,388,000 

0 2760 

December 

4,540,000 

0 2999 

4,460,000 

0 3750 


Table 8- 

-Probable Enor 

of Mean and Median Detet mined for Leukocytes 

Month, 


Probable Error, 


Probable Error, 

1926 

Mean 

per Cent 

Median 

per Cent 

January 

S.S60 

1 418 

8,140 

1780 

February 

8,440 

1 402 

7,740 

1760 

March 

8,120 

1 536 

7,970 

1 930 

April 

8,270 

1 425 

7,640 

1 790 

May 

8,150 

1 441 

7,060 

1810 

June 

8,110 

1 133 

7,900 

1420 

July 

7,560 

1 309 

6,900 

1 640 

August 

7,750 

o 1 224 

7,480 

1 530 

September 

8,200 

1 084 

7,960 

1 360 

October 

8,300 

1 419 

7,900 

1 410 

November 

7,970 

1 253 

7,760 

1 570 

December 

7,280 

1 096 

6,720 

1370 

1927 





January 

8,110 

1 300 

7,350 

1 630 

February 

8,040 

1 280 

7,750 

1610 

March 

8,150 

1 180 

7,720 

1 490 

April 

8,560 

1 357 

S,260 

1 700 

May 

S.030 

1 210 

7,600 

1 520 

June 

8,030 

1 30S 

7,700 

1 640 

July 

7,500 

0 9238 

7,380 

1 160 

August 

8,110 

1 117 

7,780 

1 400 

September 

8,430 

OS01S 

7,980 

1000 

October 

8,510 

0 840 

8,209 

1 983 

November 

8,650 

1 147 

8,130 

1 440 

December 

9,060 

1461 

8,620 

1 830 
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Tablc 9 — Piobablc Enoi of Mean and Median Detei mined foi 

Polymoi phonucleai s 


Month, 

1926 

Me Tn 

Probable Error, 
per Cent 

Median 

Probable Error, 
per Cent 

January 

58 4 

0 7733 

59 4 

0 9700 

February 

no 7 

0 7215 

59 0 

0 9010 

March 

60 9 

0 7290 

61 1 

0 8333 

April 

60 9 

0 60SS 

5S9 

0 7630 

May 

5S 3 

0 6250 

5S 1 

0 7836 

June 

50 0 

0 60SS 

57 0 

0 7330 

July 

61 6 

0 63S3 

61 1 

OSOIO 

August 

5S7 

0 6401 

58 7 

OS020 

September 

60 2 

0 6252 

59 8 

0 7840 

October 

09 4 

0 700S 

GO 7 

0S780 

Novembei 

61 5 

0 6920 

62 3 

0 8670 

December 

60 3 

0 65S5 

59 0 

0 8330 

1927 

January 

60 0 

0 72S0 

613 

0 9120 

February 

5S 6 

P 6830 

59 0 

0 SobO 

March 

59 9 

0 6362 

59 7 

0 7970 

April 

59 5 

0 7123 

5S 5 

0S940 

May 

586 

0 6S78 

5S 7 

0 8620 

June 

57 5 

0 9430 

57 6 

1 ISO 

July 

60 0 

0 62S3 

59 5 

0 78s0 

August 

59 0 

0 60S3 

59 0 

0 7620 

September 

60 5 

0 0177 

60 7 

0 7740 

October 

03 2 

0 34o0 

62 8 

0 6310 

November 

61 9 

0 3995 

612 

0 5010 

December 

601 

0 7922 

60 3 

0 9930 


Taisia 10 — Piobablc 

Ei i oi 

of Mean and Median Detei mined foi Lymphoid Cills 

Month 

1926 

Mean 

Probable Enoi, 
per Cent 

Median 

Probable Error, 
per Cent 

January 

39 6 

0S70S 

3S 3 

1 090 

February 

39 6 

0SS70 

38 0 

1 110 

March 

37 4 

0 5285 

36 9 

0 6620 

April 

37 S 

0 70SS 

3S0 

OSSsO 

May 

39 7 

0 8305 

38 7 

1 040 

June 

39 7 

0 6388 

39 8 

0 7950 

July 

O/ U 

0 5310 

37 0 

0 72S0 

August 

37 1 

0 6610 ? 

30 9 

0 8290 

September 

37 S 

0 7190 

36 4 

0 9022 

October 

37 2 

0 71S7 

36 4 

0 7100 

November 

36 7 

0 6134 

36 0 

0 7690 

December 

37 S 

0 7100 

37 0 

QS900 

1927 

January 

3S 5 

0 S333 

30 2 

1 050 

February 

36 S 

0 5503 

36 6 

0 7400 

March 

3S 3 

0 5490 

36 4 

0 6680 

April 

37 6 

0 7103 

36 9 

0S910 

Maj 

3S 7 

0 6S45 

37 4 

0 S5S0 

June 

40 8 

0 9766 

39 0 

1 220 

July 

38 3 

0 3307 

37 7 

0 4150 

August 

39 2 

0 5309 

37 0 

0 6660 

September 

36 1 

0 5530 

36 2 

0 69o0 

October 

34 6 

0 4993 

33 6 

0 6260 

November 

2G2 

0 4120 

35 9 

0 5200 

December 

37 1 

0 7707 

35 3 

0 9660 
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Table 11 — Detei mutation of Constants 



Z 

X 

ZX 

ZX(2) 

ZX(3) 

20 

2 

1 

2 

0 

2 

24 

S 

2 

16 

32 

64 

28 

12 

cv 

O 

36 

10S 

324 

32 

13 

4 

52 

208 

832 

36 

22 

5 

110 

550 

2,750 

40 

11 

6 

66 

396 

2,376 

44 

12 

7 

84 

53S 

4,116 

4S 

11 

8 

S3 

704 

5,632 

52 

11 

9 

99 

891 

8,019 

56 

1 

10 

10 

100 

1,000 

60 

4 

11 

44 

484 

5,324 

64 

5 

12 

60 

720 

S.640 

6S 

O 

O 

13 

39 

507 

6,391 

76 

1 

15 

15 

223 

3,375 

S4 

1 

17 

17 

2S9 

4,913 

S(Z) 119 

S(ZX) 733 S(ZX) 2 5, SO] S(ZX) 

3 53.93S 

Vi = 

S(ZX) 

6 OQ 



S(ZX) 3 

Yi — — 

453 4 

S(Z) 



S(Z) 

V 2 = 

S(ZX)= 

— — - = 48 7 
S(Z) 



S(ZX) 1 

\ 4 — — 

S(Z) 

4710 4 

7T_ =: 

Vo — Vi= = 10 26 




Muo : 

= tto — lAs (= 0 08333) 

= 10 18 



a = 

Vmu 2 = 3 19 





Standard deviation = 4 

X 3 19 = 12 76 



Probable error of mean 

= X x 

(where X 

= 0 6744898/N) 

X SD 

TT3 — 

V3 — 3VjVs + 2 

w = 

13 062 



TTi = 

Vi — 4ViV 3 + 6 

i VrVo 

— 3Vi 4 = 

326 2477 


Mu 3 : 

= ir 3 = 13 062 





Mui : 

B, = 

= TTi Yi 7To + 

Mm 3 

= 0 114S7 

Mu 2 3 

/ 

240 ~ 

0 029167) 

= 320 573367 


I! 

MU| 

r= 2 4635 

Mu: 3 





X = 

VB7(Bo + 3) 





2 (5B 2 — 6B1 — 

9) 




d = 

X X a = 1 19 





Mode 

= mean — d = 

37 3 




Coefficient of variation e 

SD 

x 100 = 

33 per cent 



mean 


Lymphocytes, Januaiy, 1927 

Estimation of mode, probable error of mean, standard deviation, and 
tion of the mean m per cent 
0 5 

Estimation of median — X 4 (the class interval) + 36 = 36 2, 


ZX(4) 

2 

123 

972 

3,323 

13,750 

14,256 

2S.812 

43,056 

72,171 

10,000 

58,364 

103,680 

85,683 

50,625 

83,521 


S(ZX)‘ 560,543 


= 0 8333 


coefficient of varia 


median 


EFFECT OF IXTRATHORACIC PRESSURE ON 
ARTERIAL TENSION- 

ELI GRIMES, MD 

DES MOINES, IOWA 

When the mtrathoracic pressure is raised above that of the great 
extrathoracic veins which pass the blood back to the chest, definite 
changes based on elementary physical principles follow 

If a person shuts off the outlet of air by closing the larynx 01 nose 
and lips and makes a forced expiratory effort (blowing), the mtra- 
thoracic pressure rises, and the blood cannot flow into the chest, hence, 
the right side of the heart does not fill, the blood is soon pumped out 
of the lungs, and the left ventricle likewise becomes empty, arterial 
circulation is momentarily suspended, and the systolic blood pressure 
falls to zero 

EXPERIMENTAL PROCEDURE 

E t -pei iment 1 — Place within the lips a tube connected with a manom- 
eter and make a blowing effort till the manometer registers fiom 
40 to 60 If this can be held for a sufficient length of time there 
follows a general venous engorgement, the subject becomes cyanotic, 
the veins stand out, there is a sense of giddiness, and the normal respira- 
tions must be begun At this point the systolic pressure is zero, but 
after three or four respirations it rises from 50 to 150 above the 
patient’s normal pressure The explanation of this is evident The 
increased mtrathoracic pressure shuts the blood out of the heart — the 
zero phase of pressure — and then, when the mtrathoracic pressure is 
released, the greatly distended veins suddenly empty into the right 
auricle, the heart is overloaded, the increased volume of blood over- 
distends the arterial system, and the pressure rises The rise of pressure 
depends on the amount of blood, the elasticity of the arteries and the 
contractile force of the heart Herein lies the clinical value of this 
test, namely, the elasticity of the arteries 

It is a principle m physiology that the size of the heart is that of 
the heart tissues plus the contained blood, therefore, it is possible 

* Submitted for publication, Oct 10, 1930 

' When these original observations were begun in 1910, there was no literature 
on the subject The line of investigation was explained to the medical directors 
of various life insurance companies Soon there was published an account of the 
technic, but the interpretation was not in accord with the facts No account has 
been taken of the literature which has since been published 
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to measuie the lelative amount of blood in the heart by detei mining 
the change m size If a silhouette of the heart is taken when the 
systolic pressure is zeio, it is found to be fiom 25 to 35 per cent 
smaller than when the lespnations aie legulai, and if another silhouette 
is taken when the pressure is elevated at the time respuations aie 
resumed, it will be found to be fiom 35 to 50 per cent laiger than 
under usual conditions 

In the accompanying table, the measurements of the silhouettes of 
the heait cover a complete cycle of respnation The size of the heart 
with the patient at lest is designated as 10 


Blood Pressttie and Size of the Heait in Ten Subjects at Rest , on Producing and 

on Releasing Inti atlioi acic Picssuie 


Intrathoracic 

Pressure 

Intrathoracic Pressure 50 

On Releasing Intrathoracic Pressure 

_ _ A 

r 




Normal 


Heart 


Heart 

Blood Pressure 

Blood Piessure 

Measurements 

Blood Pressure 

Measurements 

140 

0 

7 

170 

17 

SO 

. o 


90 


130 

0 


ISO 


70 

0 

S 

90 

17 

125 

0 


200 


SO 

0 

6 

100 

18 

135 

0 


240 


75 

0 

6 

120 

IS 

145 

0 

S 

175 


85 

0 


SO 

14 

145 

0 

7 

160 


75 

0 


SO 

15 

135 

0 

7 

150 


SO 

0 


SO 

16 

140 

0 


160 


80 

0 

G 

90 

15 

145 

0 


155 


85 

0 

S 

90 

14 

130 

0 


140 


80 

0 

7 

SO 

15 


The observation that the heait undeigoes the same changes in size 
with a low rebound as it does with a high rebound led to the conclusion 
that the change in pressure is not due to the condition of the heart 
or to the volume of blood, therefore, it is due to aitenal differences, 
and the only arterial condition which can cause a variation of piessure 
is that of elasticity Other conditions being constant, the elevation 
in pressuie is in mveise ratio to the elasticity of the arteries There- 
foie, the respnatoiy rebound is a measure of the elasticity of the 
aiteries 

PHYSIOLOGIC CONSIDERATIONS 

The mtrathoracic pressure is a natural accompaniment of hard 
muscular effort When a heavy weight is lifted, a heavy blow is stiuck 
or a maximum muscular effort of any kind is made, the breath is 
foicibly held to a point of “getting black m the face” This getting 
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black in the face is due to the fact that the mci eased intrathoiacic pies- 
sure pi events the leturn of the blood to the chest The amount of 
blood in the chest 'is less than that lequired foi haid muscular woik 
if the bieath is held leflexly Observe a man carrying a heavy weight 
up a flight of steps, note the infrequency of lespnations, his cyanosis 
and his distended veins, it is evident that he is using moie blood than 
is contained m his chest, 01 that it returns against the gieatly increased 
inti athoracic piessuie This being the case, there must be an extia- 
thoiacic supply of blood, and it can come only from the great vessels 
of the abdomen Hence, the intia-abdommal pressure must be at all 
times as great as the intrathoracic pressure Otheuvise, there would 
be sudden shutting oft of the blood leaching the heart, and piolonged 
maximum muscular eftoit would be impossible 

This physiologic deduction led to an investigation of the relation 
between the intra-abdominal and the mti athoracic piessure, and it was 
found that the mti athoracic pressuie cannot be raised above the mtia- 
abdommal It is a physiologic necessity that the supply of blood cannot 
be abruptly shut off fiom the heait as would be the case if theie was 
no supply outside the chest 

Expei intent 2 — A Baines bag fitted to the end of a small rectal 
tube is inserted high m the colon, 500 cc of air is injected into the 
bag, and the fiee end of the tube is attached to a manometer If 
the subject has been properly prepaied by colonic flushing, and if 
morphine has been administeied to j^revent peiistalsis, the following 
results aie obtained 

When the subject is at lest the intia-abdommal piessuie lemains 
neai zero, with slight fluctuations, owing to movements of the viscera 
When the intrathoracic piessuie is laised by the expuatory test, the 
intra-abdominal piessuie uses to the same level With a manometei 
tube in the subject’s mouth on expiratoiy effort, the same elevation is 
lecorded by the manometei indicating intrathoracic piessuie and the 
one indicating the intra-abdominal pressuie A laboring man fitted 
with a colon manometei, as descnbed, recorded an intra-abdominal 
pressure of 60 when he lifted a 250 pound (114 3 Kg ) weight When 
he swung a 50 pound (22 7 Kg ) sledge delivering driving blows on the 
giound, there was a sudden short use each time he struck with his 
bieath leflexly held The intia-abdommal pressuie leached as high as 
110, demonstrating a terrific stress on the heait 

It was found that while breathing is cairied on, the abdominal 
muscles by their contraction can bung the mtra-abdominal pressure 
much above the intrathoracic, but by no means can the intrathoiacic 
piessuie be bi ought above the intra-abdominal The important conclu- 



GRIMES— AR 1 ERIAL 1 ENSION 


879 


sion was leached that the mtrathoiacic piessuie nevei exceeds the 
mtra-abdominal This is an important point in the physiology of the 
distnbution of the blood 

When the gieat volume of venous blood contained in the abdomen, 
with its liver and spleen and gieat veins, is consideied m connection with 
the fact that laising the inti a-abdommal piessure simultaneously 
with that of the chest causes marked changes, the inference was made 
that inci easing the intia-abdominal piessuie alone would likewise cause 
changes m the blood piessuie But since abdominal piessure alone 
would not dimmish the supply of blood to the heait, theie would be 
no fall in aiteual tension, on the conti aiy, the supply of blood to the 
heait would be inci eased, and therefoie, the arteiial piessuie would 
be mci eased This was found to be the case 

Eipenvient 3 — If dui mg legulai and noimai bieathing a peison 
voluntanly conti acts the abdominal muscles with all the effoit possible 
theie follows at once a maiked use m aiteual tension This rise m 
piessuie is conditioned on the degree of effoit, the physical type of 
the subject and the condition of the aitenes 

Theie is a gieat diffeience in the degree of effoit that different 
pei sons can make, as there is a stiong tendency for the glottis to close 
leflexdy during “stiaming,” thus inci easing the intrathoracic piessure 
Pei sons who showed a lebound of systolic pressuie to 200 on pei- 
f oiming the blowing test could laise the blood pressuie 20 above the 
noimai piessure when at lest by contracting the abdominal muscles 
alone Those showing no abnoimal respnatory rebound could not 
laise then aiteual tension by abdominal effoit, as a lule, but some whose 
lebound was noimai, that is, not more than 50 above their noimai 
piessuie at lest, could raise their systolic pressure 10 points above 
the noimai point at rest It is theiefore evident that the increase of 
systolic piessuie due to abdominal stiammg is the result of the increased 
volume of blood that reaches the heait 

It was detei mined that the ability to increase the systolic pressuie 
by abdominal effoit depended on the condition of the artenes, but 
mainly on the musculatuie of the individual 

In studying the changes in arterial pressuie due to the changing 
blood volume, an important observation was made on the effect of 
an mci eased lespuatoiy late If a person is made to breathe rapidly 
and deeply for a period of fiom three to five minutes, his blood piessuie 
falls In noimai persons, this fall is from 10 to 20 systolic and fiom 
5 to 10 diastolic In persons with hypei tension, the fall is most 
striking After doubling the rate of lespuation foi five minutes an 
individual with a systolic pressure of 200 and a diastolic of 110 had 
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a blood piessuie of only 140 systolic and 80 diastolic When noimal 
breathing was lesumed, the piessure lose lapidly to its regular high 
level 

In hypertension of long standing, that is, when it occurs m oldei 
pei sons, this phenomenon is less marked, but in young subjects, that 
is, when the high blood pressure is not of long standing, the fall is 
most mai ked 

In a series of ten patients fiom 40 to 45 years of age with blood 
pressures averaging 175 systolic and 105 diastolic, the average piessuie 
became 150 systolic and 90 diastolic after the rate and depth of lespna- 
tion were doubled for five minutes 

In 100 syphilitic patients with normal blood pressuie and no caidio- 
vasculai changes in clinical evidence, 75 per cent gave a respiratory 
lebound averaging 175 for the group, as compared with an average of 
15 per cent in nonsyphilitic persons This is certainly in accoid with 
the conception that syphilis is first and always a vascular disease 

The mechanism of apoplexy is demonstrated by the respiratoiy 
lebound Apoplexy that comes on as the lesult of excessive muscular 
effort does not come on during the eftort but aftei it During haid 
muscular effort, the arterial pressuie falls as the blood is held back 
in the venous system, but when effort ceases deep respirations ensue, 
the venous blood is released, the heait and arteries are overdistended, 
the pressure rises, and apoplexy is the result Apoplexy is often caused 
by straining at defecation, but it does not come on dui mg the eftoit 
of straining but afterward I observed a man carry his wife, who 
had been injured in the street, up a flight of steps into the house and 
lay her on a couch It was a terrific effoit, as the wife weighed 160 
pounds (72 6 Kg ) Aftei placing her on the couch, he took a few 
deep breaths, and had a sudden fatal stroke of apoplexy This is the 
mechanism of apoplexy occurring in patients with low blood pressure 
and haidened arteries Acute dilatation of the heart is thus caused 
on eftort 

The observations heie set forth weie made in 1910, and weie so 
reported to the Des Moines Medical Libraiy Club (unpublished) At 
that time it was stated that the value of this test could be determined 
in a patient only after the lapse of many yeais — at least twenty If a 
pei son with a noimal pressure, as usually determined, shows a high 
pressure on expiratoiy effort indicating an inelastic condition of the 
aiteries, time alone will tell if this inelastic condition is of clinical 
importance 

It was first necessary to determine what constitutes a normal and 
an abnormal rebound After the test was applied to 1,000 persons, it 
was evident that an ele\ ation of aiterial tension not exceeding 25 was 
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the rule, so this was considered noimal Increases m piessure above 
that weie found to be unusual, and weie considered abnormal It was 
possible to select a senes of 100 persons fiom *K) to 45 years of age, 
who twenty years ago showed an abnormally high rebound This senes 
was checked with an equal number of persons of the same age who 
at the same time showed a noimal rebound At rest, the noimal series 
had an arterial tension not exceeding 140 systolic, and a systolic rebound 
not exceeding 165 The abnormal senes had an aitenal tension when 
at rest not exceeding 140 systolic, with a rebound of 190 or more on 
expiratoiy effort All of the cases were fully checked so as to exclude 
kidney disease and syphilis, as it was early noted that syphilitic subjects 
almost mvanably gave an abnoimally high rebound 

Of the 100 patients with a rebound to 165 or less, 88 aie living 
and 12 died from the following causes pneumonia, 4, acute rheumatic 
endocarditis, 1, nephrosis, 1, tuberculosis, 1, thiombophlebitis, 1, and 
myocaiditis (infectious) 1, the cause of death in 3 was not deter- 
mined Of the 100 patients with a systolic rebound to 190 or more, 
68 are living and 32 died from the following causes apoplexy, 4, 
nephrosis, 12 , angina pectoris, 4 , myocarditis, 2 , pneumonia, 2 , influ- 
enza, 4, and dementia, 1 , the cause of death in 3 was not determined 

The test has been applied to every patient with a lesion of the heart 
coming under observation The series included progressive and sta- 
tionaiy mitral lesions, acute and chronic myocarditis, rheumatic endo- 
carditis — studied from the onset of symptoms until the fatal termination 
or until the lesions became stationary — lesions of the aortic valve and 
subacute bacterial endocaiditis In no case did the test indicate the 
condition of the heart as to structural changes or the degree of efficiency 
While the test is seemingly a severe strain on the heart, m no case was 
there evidence of its being harmful In cases of heart failure, the 
sense of air-hunger comes on so early m making the blowing test that 
it was necessary for bieathmg to be resumed before damage was done 

COMMENT 

It has been observed that a forced expiratory effort made with 
the exit of air closed causes a diop in systolic pressure, that when the 
breathing is resumed there is a marked elevation m the pressure, and 
that the elevation so produced is usually not more than 25 above the 
individual’s pressure at rest This pressure was therefore considered 
normal In some persons the pressure rises to 75 or more above the 
pressure at rest Such rebounds were considered abnormal 

It was shown that the change m pressure was due to shutting off 
the supply of blood to the heart because of increased mtrathoracic 
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pressure, theieby causing a drop m piessuie, and that when normal 
lespirations were begun the heait and arteries weie suddenly over- 
loaded by the blood that had been dammed back, thus causing a sudden 
high wave of arterial tension 

It was observed that the mtiathoiacic piessuie nevei exceeded 
the inti a-abdominal, a fact which explains the physiology of the supply 
of blood to the heait during effort 

It was demonstrated that an abdominal high wave of arterial pies- 
suie was due, not to the condition of the heart, but to the diminished 
elasticity of the arteries 

A series of 100 patients with abnoimally high lebound was checked 
with that of an equal numbei with a normal lebound These two senes 
weie kept under observation foi twenty yeais The mortality in the 
senes with a high lebound was 32 pei cent in twenty years compaied 
with a mortality of 12 per cent in the senes with a normal lebound 
The high mortahtv was due to vascular oi lenal failuie 

CONCLUSIONS 

The test is a positive measuie of aiterial elasticity, and is of definite 
clinical value 

A high lespnatoiy lebound is the fiist indication of oncoming 
hypei tension and of aitenal fibrosis, with or without high pressure 

A person showing a high lebound should be intensively studied 
foi syphilis and nephntis 

The test does not indicate the integrity of the heart, measure its 
efficiency oi foretell its failure 



THE VALUE OF DETERMINATIONS OF THE IRON 
CONTENT OF WHOLE BLOOD ' 


WILLIAM P MURPHY, MD 
RALPH LYNCH, MD 

AND 

ISABEL M HOWARD 

BOSION 

That lion is a constant and impoitant constituent of the hemoglobin 
of mammals has been lecognized foi many years, and in consequence it 
has played an important iole in the treatment for anemias Theiefore, 
it is somewhat suipusmg to find so little evidence m the hteiature of 
studies of the blood non Although a few determinations of the iron 
content of the blood undei varying conditions have been made, theie has 
been little efitoit to utilize these figures as a means of distinguishing 
between the various types of anemia or to follow the changes that may 
occui in the hemoglobin dunng the course of tieatment for anemia 
by means of iron or other substances 

The observations lecoided m this papei weie made pai ticulai ly 
in older to deteimine anothei means of difteientiatmg between the 
types of anemia and also to establish a satisfactoiy method of follow- 
ing the changes that may occui in the blood of an anemic peison being 
treated with various substances With this m mind, it seemed advisable 
to establish the noimal figuie foi whole blood lion by detei minations on 
the blood of a group of normal persons Few determinations of whole 
blood iron have been lecorded on noimal human blood in recent years 
which aie comparable to the figures heie lecoided 

METHOD AND PROCEDURE 

Ten cubic centimeters of bloocl was withdrawn from a vein of the arm and 
placed in a test tube that had been previously prepared by evaporating to dryness 
therein 2 cc of a 1 6 per cent solution of sodium oxalate that contained no iron 
Gentle tilting of the tube prevented clotting and the formation of air bubbles which 
occur with shaking The amount of hemoglobin in the blood was usually estimated 
by Osgood and Haskins’ 1 modification of Sahli’s method, and a careful red blood 

> Submitted for publication, Oct 5, 1930 

' From the Medical Clinic of the Peter Bent Brigham Hospital 
* This study was aided by a grant from the Proctor Fund of the Harvard 
Medical School for the Study of Chronic Disease 

1 Osgood, E E , and Haskins, HD A New Permanent Standard tor 
Estimation of Hemoglobin by the Acid Hematin Method, J Biol Chem 57 
107 , 1923 
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cell count was made, standardized pipets and counting chambers being used 
Duplicate determinations were made of the iron contained in the whole blood by 
the colorimetric method suggested by Kennedy 2 This method was chosen because 
the chemical principles involved appeared to be sound and because it is a sufficiently 
simple method to be of practical value in the average chemical laboratory 
Kennedy pointed out that the principle advantages of this method over others that 
have been suggested are the use of perchloric acid as a means of digesting the 
blood more rapidly and the addition in like amount of all reagents both to the 
standard iron solution and to the “unknown” blood In this way the reaction of 
both is kept the same, and any traces of iron that might be contained in the 
reagents used will appear in equal amounts in the standard as well as in the 
“unknown ” It has been pointed out by Kennedy and confirmed by us that after 
the ferric thiocyanate color has been produced, the reading will be influenced 
both by heat and by delay in making the colorimetric reading Therefore, it is 
necessary to maintain a fairly uniform temperature in the flask and also to 
prepare only a few specimens at a time for colorimetric reading The presence 
of small amounts of phosphates does not affect the reading Although it was 
possible to check the determinations for iron made by Kennedy’s method and the 
iron content of normal blood was found to range within rather narrow normal 
limits, our observations suggested that the “normal” figures so obtained are lower 
than the true values A discussion of this subject will be considered in a paper 
which will appear later 

The amount of iron in the whole blood is expressed in milligrams per hundred 
cubic centimeters of whole blood 

The Iron Index — By dividing the milligrams of iron per hundred cubic centi- 
meters of blood by the number of red blood cells per hundred cubic centimeters of 
the same venous blood used in making the determination for iron, it is possible 
to know the amount of iron in the average individual red blood cell and there- 
fore to compare the relative concentration of iron in the blood of different persons 
As it was believed that such a determination would be of significance in differ- 
entiating between the types of anemia, a more practical calculation is suggested 
which would indicate roughly the same information It is suggested that the 
figure so obtained be called the “iron index,” and it may be calculated by dividing 
the number of milligrams of iron per hundred cubic centimeters of blood by the 
red blood cell count expressed in millions per cubic millimeter of venous blood 
For example, a person having 4,700,000 red blood cells per cubic millimeter and 
41 mg of iron per hundred cubic centimeters of venous blood would have an iron 
index of TT or 8 7 This figure (the iron index) may be used in place of the 
color index in differentiating the anemias, and it is probably a more reliable 
figure than is the color index as generally calculated 


RESULTS 

Notmal Persons — It is difficult to compare the figures for whole 
blood iron which we have obtained with many of those that are available 
in the literature, owing to the fact that the earlier figures are generally 
recorded in terms of a given weight rather than volume of blood The 

2 Kennedy, R P The Quantitative Determination of Iron in the Tissues, 
J Biol Chem 74 385, 1927 
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methods of detei mining the blood iron have vaned considerably, so that 
the same method has rai ely been followed by any two observers 

Probably the first quantitative determinations of whole blood non 
were made by Le Canu, Prevost and Dumas 3 m 1820 Andral and 
Gavairet 4 followed with some observations in 1842, as did Bequerel and 
Rodier 5 6 in 1845, and C A Schmidt 0 in 1850 Subsequently, several 
other obseivations were made, notable among which were those obtained 
by means of Jolles’ feirometer Although the figures obtained by Le 
Canu and his co-workers and by Andral and Gavanet are not available, 

T-\ble 1 — Obseivations of Eaily Woikeis on the lion Content of Whole Blood 

of Nonnal Pei sons 


Author 


Tear of 
Observation 

Iron Content, 

Mg per 100 Cc 

Bequeral and Rodier, quoted by Ron ell Quart 
6 179, 1912 1913 

J Med 

1845 

0 0555 male 

0 051 female 

Schmidt, C A Ibid 


1S50 

0 0512 male 

0 0485 female 

Pelouze Ibid 


1865 

0 0506 male 

0 0537 female 

Jarisch Ibid 


1879 

0 0506 

Biernacki, E Ztsehr I klm Med -4 4o0, 1S94 

1894 

0 0519 male 

0 0566 female 

Erhen, F Ztschr f klm Med 40 2CG, 1900 


1900 

0 0545 

Newman, A Ztschr i physiol Chem 47 . 115, 

1902 

1902 

' 0 0519 

Mayer, A Ztschr f klm Med 40 475, 1903 


1903 

0 0515 

Jolles Deutsche med Wchnscbr 24 104, 1898* 



0 0486 

Hladik, J Wien klin Wchnschr 1 74, 1898* 
of 30 eases) 

(average 


0 0425 

Rosen, H , and Jellmek, S Ztschr f klm Med 
1900* (average of 10 cases) 

30 109, 


0 0527 

Jolles and Winkler Arch f evper Path u Pharmakol 
44 464, 1900* 


0 0575 


* These authors obtained their values by means of the Jolles ierrometer 


those of other of the early workers are given in table 1 m percentage 
by weight of whole blood 

In 1918, Berman 7 recorded the blood iron m six instances with an 
average of 48 6 mg per hundred cubic centimeters of blood, but 

3 Le Canu, Prevost, and Dumas, quoted by Biernacki, E Ztschr f klm 
Med 24 460, 1894 

4 Andral and Gavarret, quoted by Meyer and Gottlieb Pharmacology, 
Clinical and Experimental, trans by John T Halsey, Philadelphia, J B Lippin- 
cott Company, 1914 

5 Bequerel and Rodier, quoted by Fowell, P H C Quart J Med 6 179, 

1912 

6 Schmidt, C A , quoted by Fowell (footnote 5) 

7 Berman, L A Rapid Method for the Determination of Iron in Small 
Quantities of Blood, J Biol Chem 35 231, 1918 
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did not state whether or not human blood was used In 1922, Blown 3 
stated that the figure for noimal blood non varies between 45 and 52 
mg per bundled cubic centimeteis, but did not state the souice of 
his figures In 1926, Mengei t-Presser 8 9 quoted van den Beigh and 
Engelkes as having stated that the normal figure foi blood iron is 45 mg 
pei hundred cubic centimeteis of blood 

In table 2 are lecorded figures representing the non content of the 
whole blood Twenty-one deteimmations were made on the blood of 


Table 2 — Obsci vations of the Whole Blood It on, Red Blood Cell Count, lion 
Index, Cell Volume and Hemoglobin on the Blood of Eighteen 
Noimal Young Men 



Iron, 

Reel Blood 


Hematocrit 

Individual 

Hemoglobin, 


' Mg per 

Cells, Millions 

Iron 

Total Cell 

Cell Volume 

Gm per 


100 C^ 

per C mm 

Indev 

Volume 

x 10-ii cc 

100 Cc 

M-l 

50 00 

5 77 

S 7 

43 40 

S3 

15 73 

M-2 

47 GO 

5 9S 

79 



15 5S 

M-3 

4G S6 

5 53 

S 5 

48 GO 

SS 

15 73 

M-l 

46 SO 

5 17 

9 1 

45 GO 

SS 

15 73 

M-5 

4G00 

5 31 

S 7 

45 60 

S 6 

15 32 

M-6 

45 70 

5 72 

SO 



17 10 

M-7 

45 GO 

5 44 

S 4 



14 70 

M-S 

45 60 

5 32 

S 6 

43 GO 

S 2 

14 90 

M-0 

45 60 

5 21 

ss 

41 70 

SO 

15 40 

M-10 

45 20 

5 55 

82 



14 52 

M-U 

44 SO 

5 47 

S3 



15 90 

M-l 2 

44 50 

5 36 

S3 



14 52 

M-13 

44 40 

5G3 

79 



14 bS 

M-7 A. 

44 12 

5 19 

S 5 

43 54 

84 

13 52 

M-11 

13 SO 

4S7 

90 

42 09 

SG 

15 20 

M-15 

43 50 

5 47 

SO 

40 00 

73 

14 77 

M-16 

43 40 

4 7z> 

90 



13 S4 

M-11A 

43 20 

5 32 

SI 



14 SS 

M-17 

42 60 

5 34 

S 0 

45 90 

SG 

13 SO 

iM-16 A 

42 40 

4S4 

SS 



15 40 

M-1S 

42 00 

5 04 

S 4 



14 SS 

Average 

44 84 

5 35 

SI 

44 50 

8 3S 

15 00 


eighteen noimal young men, the ages langing between 20 and 40 years 
It may be seen in this figuie that the led blood cell counts vaiy between 

4.780.000 and 5,980,000 cells per cubic milhmetei, the aveiage being 

5.350.000 The hemoglobin vaned fiom 13 52 to 17 1 Gm , the aveiage 
being 15 06 Gm pei hundied cubic centimeteis of blood The non 
content of the whole blood vaned fiom 42 to 50 mg of non pei 
hundred cubic centimeters of blood, the average being 44 84 mg The 
iron index calculated from the led blood cell count and the iron content 
of the blood vaned from 7 9 to 9 1, the aveiage being 8 4 

8 Brown, A L A New Quantitative Method for the Determination of Iron 
m the Blood, J Am Chem Soc 44 423, 1922 

9 Mengert-Pressgr, H Bestimmungen von Hamoglobin und Eisen ini Blut 
unter tropischen Verhaltnissen, Mededeel v d dienst d volksgezondh in Nederl - 
Indie 3 240, 1926 
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In ten instances the individual cell volume was detei mined fiom 
the red blood cell count and the total cell volume calculated fiom the 
hematocrit as previously described by one of us 10 This figuie varied 
from 7 3 X 10' 11 to 8 8 X 10 11 cc , the average being 8 38 X 10 11 cc 
In table 3 are recoided similar observations made on the blood of 
twenty-one normal young women also ranging in age between 20 and 40 
years In this group the led blood cell count varied from 4,440,000 to 
5 470,000 cells per cubic millimeter of blood, the average being 4,920,000 


Tabu: 3 — Obzeivations of the JVhole Blood lion , Red Blood Cell Count, lion 
Indcv, Cell Volume and Hemoglobin on the Blood of Tzvcnty-Onc 
A r oi mal Young W omen 



Iron, 

Red Blood 


Hematocrit 

Individual 

Hemoglobin, 


Mg per 

Cells, Millions 

Iron 

Total Cell 

Cell Volume 

Gm per 


100 Cc 

pei C mm 

Index 

Volume 

x 10- 11 Cc 

100 Cc 

r-i 

40 S6 

5 11 

9 1 



13 SO 

F-2 

1610 

5 11 

90 

43 6 

91 

1163 

F-3 

13 13 

5 17 

S3 

17 7 

SS 

11 63 

E-4 

11 SO 

172 

9 5 

12 6 

90 

14 21 

F-3 

13 GO 

199 

S 7 

41 S 

S 3 

11 63 

F-6 

1 ! 20 

5 35 

S 1 



15 20 

F-7 

12 76 

1 31 

8 S 

37 9 

7 S 

11 00 

F-S 

12 33 

5 21 

S 1 



13 25 

F-9 

12 21 

4 57 

9 2 

40 3 

SS 

11 21 

F-10 

11 SO 

1 S3 

S 7 



11 70 

F-ll 

10 10 

1 01 

So 



13 66 

F-12 

11 00 

5 OS 

S 2 

39 7 

7 S 

13 SO 

T-13 

11 20 

157 

90 

10 2 

SS 

13 66 

F-ll 

10 33 

191 

S3 

41 7 

8 5 

13 25 

F-13 

10 33 

ISO 

8 5 

37 3 

7 S 

13 25 

F-16 

10 30 

1 11 

9 1 

37 1 

SI 

12 50 

F-17 

10 00 

163 

S 7 



15 10 

F-1S 

39 99 

101 

S 6 

419 

90 

13 52 

F-19 

39 15 

5 00 

79 

45 2 

90 

13 25 

F-20 

39 33 

5 20 

76 

41 8 

81 

13 39 

r -21 

3S SO 

1 96 

7 S 

39 6 

S 0 

13 25 

Average 

12 13 

192 

S 6 

41 2 

SI 

13 90 


The hemoglobin vaned fiom 12 56 to 15 4 Gm per hundied cubic 
centimeteis ot blood, the aveiage being 13 9 Gm The lion content of 
the whole blood varied from 38 8 to 46 86 mg per hundred cubic 
centimeteis of blood, the average being 42 48 The lion index cal- 
culated as previously discussed varies from 7 6 to 9 5, the aveiage 
being 8 6 

In this group of subjects, detei initiations of the individual cell 
volume were made as previously described in fifteen instances This 
figuie varied fiom 7 8 X 10 11 to 9 1 X 10 11 cc , the average being 
84 X 10 11 cc 

A compaiison of the tables for males and females shows that the 
range and the aveiage figure in each column is slightly highei in males 

10 Murphy, W P, and Fitzhugh, G Blood Cell Size in Anemia Its Value 
in Differential Diagnosis, Arch Int Med 46 440 (Sept) 1930 
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than m females, with the exception of the iron index in which the range 
is greater and the average slightly higher in the females 

Observations were made of the iron content of the blood m twenty- 
one persons m whom the hemoglobin level and red blood cell count 
were considered to be essentially normal m spite of the presence of 
some variation fiom normal m the state of health Ten of this group 
had diabetes melhtus The patients were of both sexes and of widely 
vaiymg ages In this group the hemoglobin varied between 11 and 


Table 4 — Obseivatwns of the Whole Blood Don, Red Blood Cell Count, Hemo- 
globin and lion Index on the Blood of Twenty-One Pei sons rmth 
No Fundamental Distm bailee of the Blood 



Iron, 

Red Blood 

Hemoglobin, 




31g per 

Cells, Millions 

Gm per 

Iron 



100 Cc 

per C mm 

100 Ce 

Jndet 

Diagnosis 

31-1 

5310 

5 55 

12 62 

9 5 

3Iigrame 

F-2 

50 20 

6 53 

16 32 

77 

Diabetes mellitus 

F-3 

44 00 

5 60 

13 21 

7 9 

Diabetes melhtus 

F-4 

43 20 

5 41 

15 10 

SO 

Xo disease 

F-5 

43 20 

4 95 

14 35 

S 7 

Asthmatic bronchitis 

M-6 

43 20 

4 62 

16 32 

93 

Jaundice (infectious) 

31-7 

42 24 

4 57 

14 20 

92 

Xo disease 

F-S 

42 50 

4 69 

11 00 

91 

Diabetes melhtus 

F-9 

4160 

4 90 

14 60 

So 

Chrome infectious arthritis 

F-10 

41 20 

4 75 

14 45 

S 7 

? Epilepsy 

31-11 

41 00 

4 66 


SS 

Diabetes melhtus 

F-12 

41 00 

4 63 

12 70 

SS 

Xo disease 

F-13 

40 98 

4 75 

12 90 

SO 

Diabetes melhtus « 

31-14 

40 53 

4S9 

13 76 

S3 

Agranulocytosis 

F-15 

40 40 

5 37 

12 62 

75 

Diabetes mellitus 

F-16 

40 40 

5 07 

12 90 

7 9 

Diabetes mellitus 

F-17 

40 20 

4 S3 

lb 20 

S3 

Obesity 

31-1S 

40 00 

4 85 

13 7b 

S 2 

Diabetes mellitus 

31-14 3. 

39 99 

4 68 

13 40 

S 5 

Agranulocytosis 

F-19 

38 50 

5 91 

13 95 

6 5 

Diabetes rvith complications 

F-20 

37 50 

4 49 

12 42 

S 4 

Xo disease 

31-21 

37 00 

4 58 

14 60 

81 

7 Lead poisoning, acute 


41 90 

5 01 

13 SS 

S 4 



16 32 Gm pei hundied cubic centimeteis of blood, the average 
being 13 88 The red blood cell counts varied between 4,490,000 and 
6,530,000 per cubic millimeter of blood, with an aveiage of 5,010,000 
The figure for whole blood iron varied between 37 and 53 1 mg per 
hundred cubic centimeters of blood, with an aveiage of 41 9 The 
iron index varied between 6 5 and 9 5, with an average of 8 4 

An average of the figuies for whole blood iron obtained in the 
three normal groups which included sixty-four determinations on the 
blood of sixty persons gave 43 1 mg per hundred cubic centimeters, 
with a range from 37 up to 53 1 In only one instance was the figure 
above 50 and in only eight was it below 40 

That the iron index is a rather constant figure m persons with 
no essential variation from noimal in the blood is evident from an 
analysis of tables 2, 3 and 4 Of sixty-four determinations of this 
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figure that were made on the blood of sixty persons, 45, or 70 per 
cent, fell within the range of from 8 to 9 In nine instances the figure 
was above 9 and in ten instances below 8 The aveiage iron index 
for the sixty-four determinations is 8 46 

Pernicious Anemia — In a gioup of forty-one persons having 
unquestioned pernicious anemia, sixty-eight determinations of the whole 
blood iron and iron index were made The lowest figure recoided 
f oi whole blood iron was 7 7 mg per hundred cubic centimetei s 
of blood in a patient with 690,000 red blood cells per cubic millimeter 
of blood In each instance in this group of forty-one persons, the 
iron index was 10 or above if the red blood cell count was 4,000,000 
pei cubic millimeter or lower The highest iron index recorded is 
20 6 In five instances the disease was m a state of remission, with 
red blood cell counts above 4,000,000 per cubic millimeter, following 
tieatment with liver In three of these cases the iron index was below 
10, the actual figures being 8 4, 9 1 and 9 1 In one of the five cases 
the red blood cell count was 4,100,000 per cubic millimeter, and the 
iron index was 10 5 In the last case of the five, the red blood cell 
Qount was 4,630,000 with an lion index of 115, the patient m this 
case having barely lecovered from a relapse when the determination 
was made 

The cases of three patients which were not included with the cases of 
pernicious anemia because of definite complications are of interest 
All of the three patients were treated with liver with the usual response 
One of them who had rather marked combined systemic disease 
showed a drop m the red blood cell count, and blood was being lost 
from the gastro-intestmal tract Roentgenograms of the gastrointes- 
tinal tract showed a possible carcinoma of the stomach In this case the 
iron index was 8 5 with a red blood cell count of 3,530,000 per cubic 
millimeter The diagnosis was complicated m one instance by rather 
severe chronic nephritis, which was present when treatment was begun, 
and m another by myxedema occuiimg after somewhat over a year 
of treatment with liver The iron index varied in the first case from 
9 4 to 10 5 on three detei mmations and m the second from 9 2 to 10 
on four determinations In both cases the red blood cell counts varied 
at the time of the observations between 2,300,000 and 3,920,000 cells 
per cubic millimeter 

From these observations on patients with pernicious anemia, one 
may conclude that the iron index is high during a relapse, but approaches 
the normal figure during a satisfactory remission maintained by means 
of treatment with liver oi liver extract In patients with pernicious 
anemia having complications tending to produce secondary anemia, 
the iron index is likely to approach the normal level also, rather than 
to remain high as m an uncomplicated case m relapse 
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In eight patients having an absence of fiee hydrochloric acid m 
the gastric contents up to two hours following an Ewald test meal, 
there was difficulty m making a positive diagnosis Of these eight 
patients, five had an non index which fell within the range geneially 
found in pernicious anemia Two of the five with a high index also 
showed evidence of loss of blood from the intestinal tract, one of whom 
had an extensive adenocaicinoma of the stomach This patient had 
a definite use m reticulocytes following the ingestion of livei extiact 
which was started when the red blood cell count was 1,800,000 pei cubic 
millimeter The othei three cases m which the patients had a high 
non index were probably early cases of pernicious anemia in which 
the diagnosis was made more ceitam by the obseivation of an mci eased 


T\ble 5 — Figuies Showing the Aveiage Noimal Values foi the Whole Blood 
lion m Noimal Pei sons m Pernicious Aiuiiua and m Chionic 
“Sccondai v” Anemia 



Number of 




Diagnosis 

Determinations 

A\ erage 

Low 

High 

Normal, male 

21 

Si 

79 

91 

Normal, female 

21 

SO 

70 

95 

Normal, both se\es 

22 

84 

0 5 

95 * 

Normal, all cases 

04 

S 40 

6 5 

9 5 

Pernicious anemia 

OS 


18 0 

20 0 

Secondary anemia 

100 200 


13 

9 0+ 


non index In three of the eight cases the patients showed a noimal 
iron index on two separate detei minations One of these may have 
been an early case of pernicious anemia, the other two probably 
were not All of these patients had red blood cell counts below 4,000,000 
cells per cubic milhmetei 

Secondaiy Anemia — A laige senes of detei minations of the whole 
blood iron and of the iron index were made on the blood of persons 
having a secondary type of anemia Such obseivations showed a low 
oi low normal non index figure m the chronic chloiotic type and 
anemias resulting from chronic loss of blood, legardless of the source 
of bleeding, and usually a low normal figuie in anemia resulting from 
various chronic infections, accompanying ceitam types of tumois of 
the brain and accompanying chionic cardiac disease 

lion index determinations made on the blood of patients shortly 
following an acute loss of blood show figures greater than the normal 
ones The amount of increase m the figure is dependent on the acuteness 
and the amount of the hemorrhage, it being only slightly increased 
above the noimal if bleeding occuued in the piesence of ehronic anemia 
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Special Cases — In two patients with sprue obseived at a time when 
slight anemia was piesent, the iron index was m both withm the lange 
of the low noimal figuies 

The figure for iron index was determined on the blood of four 
patients with leukemia In two instances it was high (16 8 and 10 6) 
The first, patient had chiomc lymphatic leukemia, the second aleukemic 
lymphatic leukemia, and both had a red blood cell count of appioxi- 
mately 1,000,000 cells per cubic millimeter One of the patients with 
a noimal figure for non index had acute lymphatic leukemia with 

1.620.000 red blood cells per cubic millimeter, whereas the second 
patient had chiomc myeloid leukemia with a normal red blood cell count 

One patient with multiple myeloma and a red blood cell count of 

2.950.000 cells per cubic millimeter had a noimal non index (S) 
Another patient with severe myxedema and with a normal red blood 
cell count but a model ate reduction in the hemoglobin had an “non 
index” of 9 7 

In two patients with polycythemia the non index figuies weie low 
(7 5 and 6 7) 

Special mention may also be made of the non index figuie in six 
patients having anemia which developed either duiing piegnancy or 
acutely following delivery In five of these patients the non index was 
noimal or low In one patient in whom a severe anemia was present 
after deliveiy and m modeiate degiee befoie delivery, the iron index 
was 10 9 and 9 6 on two determinations made when the red blood 
cell level was, i espectively, 1 43 and 1 9 millions per cubic millimeter 
It lemains to be seen whethei or not this lepresents a true pernicious 
anemia developing during pregnancy 

In five patients having Paget’s disease with anemia, two with 
undoubted pernicious anemia had a high iron index , the other three 
showed a low figure 

SUMMARY 

Determinations of the non content of the whole blood were made 
on the blood of a group of persons having an essentially normal 
hemoglobin level and red blood cell count, and the figures are herein 
recorded The average iron content of the blood m normal young 
men is 44 84 mg per hundred cubic centimeteis of blood, m noimal 
young women, 42 48, and in a gioup of sixty persons of both sexes 
and of varying age with an essentially normal blood, the average is 
42 74 

It is suggested that a figure to be known as the “iron index” be cal- 
culated by dividing the figure for whole blood iron by the red blood 
cell count m millions of cells per cubic milhmetei This figure normally 
varies between 8 and 9, the average m this senes bung 8 46 
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In pernicious anemia duung i elapse, the non index was always 
found to be above 10 , with a tendency to appioach normal duung a 
satisfactory 1 emission following tieatment with liver 

Except in certain unusual circumstances, the iron index was found 
to be normal 01 lower than normal in chronic secondary anemia Only 
in anemia resulting from acute loss of blood and m certain of the 
patients with leukemia was the non index above normal and in the 
range generally found in pernicious anemia 

It is suggested from the preceding observations that the non index 
is of definite value in distinguishing between pernicious anemia and 
secondary anemia m most instances, and that the constancy of the 
figure for whole blood iron in peisons with normal blood suggests this 
as a satisfactory means of following the changes which may occur in 
the blood during tieatment foi anemia 
311 Beacon Street 



PERNICIOUS ANEMIA WITH FATAL TERMINATION 
DURING A LIVER DIET 

REPORT OF THREE CASES ' 

JAMES B CAREY, MD 

MINNEAPOLIS 

It has been found that liver or liver extiact used m the treatment 
for pernicious anemia has an effect on the blood only, it has no effect 
on either the achylia or the sclerosis occurring m the posterior and 
lateial columns of the spinal cord 

There is a tendency to interpret the favorable remissions obtained 
m the condition of the blood in patients with pernicious anemia treated 
by liver substance as having some enlightening implications concerning 
the etiology of the disease It is easy to say, when these remission* 
are universally obtained, that some deficiency is being supplied to the 
patient with pernicious anemia and that therefore the condition must 
be a deficiency disease One must not forget, however, that pernicious 
anemia, as now generally known, piesents other important pathologic 
changes than those seen in the blood The changes in the blood them- 
selves are of a hemolytic character, as can always be demonstrated by 
the finding of end-products of such hemolysis in the slun, duodenal 
contents, urine and feces The red blood cells in pernicious anemia 
may be subject to more rapid destruction than noimal cells, because 
of some primal y abnoimahty of the bone marrow, in which case the 
hemolysis is a secondary and consequent factor, rather than a pnmary 
one, but the anemia, after all, is of a hemolytic type As part of the 
syndrome there is also achlorhydria in all cases, and subacute combined 
degeneration of the spinal column in many In order, therefore, to 
deduce from any method of therapy an etiologic hypothesis, one should 
not be too dogmatic until some effect is demonstrated on the whole 
clinical picture, rather than on a single phase of the condition Isaacs 
recently showed that “in pernicious anemia some of the symptoms of a 
1 elapse may occur even though a complete blood remission is maintained 
with liver treatment ” 

Of course, it is recognized that such relatively static structures as 
the gastnc glands or the spinal cord could not be so easily modified 
as the more labile blood elements, yet a truly specific therapy should 

' Submitted for publication, Oct 18, 1930 
f Read before the Minnesota Society of Internal Medicine 
*From the Medical Division, the Nicollet Clinic 
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modify or at least check the pi ogress of all changes occuinng in the 
condition under tieatment All that really happens m a patient with 
pernicious anemia undei treatment with liver substance is that a pro- 
longed remission in the condition of the blood is established, which con- 
tinues only as long as the liver is administered , when and if the 
hepatic substance is discontinued, the blood 1 elapses This lesult was 
formerly sought by transfusions, injections of whole blood, aisemc 
and other stimulating agents The very nature of the last-mentioned 
agents precluded then continuous use Liver 01 liver extiact can be 
used continuously, and thus piovides continuous stimulation to the 
maturation of new cells, 01 protection against the hemolysis of poorlv 
formed elements of the blood In eithei case, a sufficient numbei of 
blood cells aie kept in the circulation to maintain health and life 

The kidneys, muscles and stomach also contain whatever substance 
is necessary In spite of this continued action or piotection, however, 
the achylia persists, the changes in the spinal coid may pi ogress, and 
the blood elements often fall to a level above which they do not improve 
and will recede or become fixed m a condition of chronic “toipid” 
anemia Thus, patients may die of pernicious anemia even while on 
liver therapy 

Before the advent of liver in the treatment foi pernicious anemia, 
patients died in any of several ways They became the victims of 
some intercurient infectious accident, just as any patient might They 
died slowly or rapidly of a piogiessive anemia which none of the then 
known therapeutic procedures could check They died as the lesult 
of the progress of the lesions of the cord to the condition which can 
be classed as “tabetic,” 1 e , with paialysis of the extiemities, lectum 
and bladder and with trophic disturbances 

The three cases that I am presenting lllustiate these three tjpes of 
death m patients suffering fiom pernicious anemia who weie taking 
adequate amounts of liver or livei extract up to the time of death All 
of these patients were on the so-called “Minot-Muiphy” diet, consisting 
of 8 ounces (226 7 Gm ) of liver and 8 ounces of lean, led meat, 
together with milk, buttei and green vegetables daily, and m addition 
took from three to nine ampules of livei extract no 343 daily They 
died just as many patients died before livei therapy was known or 
used It may be only fair to state that these are the only deaths which 
have occurred in my experience since the use of liver, and are probably 
less than the number of deaths that could have been expected if livei 
had not been used The first patient died a so-called tabetic death, due 
to the progress of scleiosis of the spinal cord to its ultimate and fatal 
conclusion, with the blood lemainmg at a relatively high level of hemo- 
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giobm content and red blood count, the second patient died as the 
lesult of a slowly piogiessive anemia, and the thud died as the lesult 
of a rapidly progressive aplastic foun of anemia 

REPORT Or CASES 

Case 1 — Dr A N R , a dentist, aged 45, living in Minnesota, reported for 
examination on March 9, 1927, complaining of diarrhea and weakness of the legs 
His father was living and well at the age of 70 His mother died of a cerebral 
hemorrhage at the age of 64 He had three brothers, all living and well 

He had always been in good health, except for an attack of appendicitis m 1913, 
for which an operation was performed An acute, ruptured, gangrenous appendix 
was removed In November, 1926, while on a hunting trip, he became so weak 
and exhausted that he had to return home He was examined at that time and 
found to be “anemic” He remembered that in Maich, 1926, he had had a sore 
tongue for a few days, but attributed it to smoking Under tonic and rest he 
improved until February, 1927, when he became weak after another attack of sore 
tongue He was examined more thoroughly at that time, and a diagnosis of 


Table 1 — Blood Counts in Case i 



Hemoglobin, 

Red Blood 

Color 

V lute Blood 


per Cent 

Cells 

Index 

Cells 

4/14/27 

60 

3,480,000 

0S9 


6/ 8/27 

80 

4,510,000 

OSS 

4,150 

8/18/27 

77 

4,500,000 

OSD 

4,400 

9/28/27 

so 

3,720,000 

1 0 

5,300 

11/ 1/27 

so 

3,S00,000 




pernicious anemia w'as made Of interest in his past history is the fact that he 
had always been subject to intermittent and unexplained attacks of diarrhea His 
hair became gray at the age of 25, and his skin had always shown splotch}, pig- 
mented areas 

At the time of the original examination (March 9, 1927) he gave clinical evi- 
dence of posterolateral sclerosis of the spinal cord, more marked on the left side, 
and achlorhydria Examination of the blood revealed hemoglobin, 63 per cent , red 
blood cells, 2,800,000, and white blood cells, 3,950 Reticulocytes numbered 5 5 per 
cent, due, no doubt, to the fact that he had been on a liver diet since his previous 
examination The Wassermann reaction of the blood was negative The liver 
feeding was continued A record of the examinations of the blood is given in 
table 1 

He went to California for the winter, where he continued his diet, he also 
took three vials of liver extract daily, occasionally increasing the amount to six 
or nine vials when he felt bad He did not return for examination until June 11, 
1928, at which time examination of the blood showed hemoglobin, 40 per cent, 
red blood cells, 2,010,000, color index, 10, and white blood cells, 3,700 I did not 
hear from him again during the summer and in the fall he went to Florida His 
wife reported that while in Florida he became a “crank” about the use of liver 
extract, taking nine and at times twelve vials daily in addition to including liver 
and beef steak in his diet almost every day He began to show definite indications 
of mental deterioration He engaged in wild schemes, jeopardized his finances 
and was headstrong and violent toward his family when they attempted to inter- 
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fere He again reported for examination on March 13, 1929, demanding immediate 
transfusion because he did not feel as well as before His hemoglobin content 
was 76 per cent , the red blood cells numbered 2,990,000 and the white blood cells 
5,450 , the color index was 1 31 

Neurologic examination revealed a marked increase in changes of the spinal 
cord, he himself realized this, as he had had to use a cane on account of a dis- 
tinctly tabetic gait Largely on account of his mental condition, he was placed in 
a hospital and kept under sedatives In a week he became quiet but rather 
suspicious and fretful He continued the use of liver extract (no 343) six vials 
daily On March 19, 1929, examination of the blood showed hemoglobin, 68 per 
cent, and red blood cells, 3,500,000 , on March 27, hemoglobin, 69 per cent, and red 
blood cells, 3,630,000 

He was kept on liver extract — usually six vials, but occasionally nine daily — but 
the changes in the nervous system became progressively worse He was often 
disoriented and irrational He had various obsessions and often auditory hal- 
lucinations He became weaker and was finally bedridden because of inability to 
use his legs He became incontinent as to urine and feces, and a decubitus ulcer 
developed over the sacrum Until his death examinations were made only of the 
hemoglobin content of the blood, these showed 69 per cent on April 3, 1929, 60 
per cent on April 7, 56 per cent on April 15 and 50 per cent on April 20 One of 
his obsessions was that he was not getting enough liver extract He was therefore 
allowed to keep a few vials on his bedside table and he took some extract in plain 
water whenever he desired, no accurate record was kept of these extra amounts 

He died on April 22, with a terminal temperature due to an infected bladder, 
decubitus ulcer and bronchopneumonia 

Comment — There can be no doubt but that death in this case was 
due to the changes m the spinal cord which produced the damage to 
the bladder and the trophic disturbances of the skin, thus allowing 
the entrance of systemic infection His condition was identical with 
that seen m many cases in the past, m which the hemoglobin remained 
at about 50 pei cent and the led blood cells at 2,500,000, but in which 
mental changes supervened and the tabetic changes progressed to death 

Casf 2 — Mr C P J , aged 72, a retired farmer residing in Iowa, was first 
seen at the Clinic in October, 1926, complaining of weakness, anorexia and 
insomnia 

His father died of pneumonia at the age of 63, his mother, of senility at 90 
Two brothers died of pneumonia 

In 1893, he was supposed to have had a bleeding ulcer of the stomach, during 
which time he became pale and weak He recovered and was well until 1911, when 
he had a slight stroke with double vision, from which he recovered In 1920, he 
had pneumonia and in 1924, influenza In June, 1925, he consulted Dr Woodward 
of Mason City, Iowa, complaining pi dyspnea on exertion, edema and pain in 
the legs 

Examination at that time gave negative results, except for the edema and 
anemia His hemoglobin content was 58 per cent, the red blood cells numbered 
1,440,000, and the white blood cells 4,200 He was given injections of arsphena- 
mine, and his condition improved In October, 1925, his hemoglobin content was 
70 per cent , the red blood cells were 3,500,000, and the white blood cells 6,000 In 
January, 1926, he was somewdiat worse and was given another course of arsphena- 



CAREY— PERN 1C 10 US ANEMIA 


397 


mine He improved again until April, when he became worse He stated that at 
that time arsphenamine was of no avail He was in the hospital for two months, 
with no improvement During this time he had severe diarrhea On his discharge, 
examination revealed hemoglobin, 38 per cent, and red blood cells, 1,400,000 
When first examined, in October, 1926, he was very weak and was hospitalized 
immediately We obtained the additional history of a sore mouth, supposedly due 
to dental plates, m the spring of 1926, and some paresthesia of the hands and feet 
during that summer When first observed, his hemoglobin content was 8 per cent 
and the red blood cells numbered 570,000 He was very edematous During his 
stay of seven weeks in the hospital he was given a transfusion once, and merbaphen 
was administered to eliminate the edema , he was placed on dilute hydrochloric acid 
and liver He received daily from the diet kitchen at least one-half pound of liver, 


Table 2 — Blood Counts in Case 2 While the Patient Was in the Hospital 



Hemoglobin, 

Red Blood 


per Cent 

Cells 

11/ 4/26 

19 

1,230,000 

11/10/26 

23 

1,430,000 

11/17/26 

31 

1,800,000 

12/ 4/26 

54 

2,390,000 

12/11/26 

57 

2,500,000 

12/18/26 

63 

3,850,000 


Table 3 — Blood Counts Aftei Patient’s Discharge 



Hemoglobin, 

Red Blood 

Color 


per Cent 

Cells 

Index 

1/10/27 

75 

3,710,000 

1 0 

2/ 9/27 

71 

2,900,000 

1 2 

3/25/27 

63 

2,540,000 

1 2 

5/13/27 

65 

2,500,000 

1 3 

8/15/27 

61 

2,570,00 0 

1 2 

11/ 2/27 

47 

2,030,000 

1 1 


prepared in various ways, and six vials of extract no 343 daily His appetite was 
good at all times Repeated examination showed typical symptoms of pernicious 
anemia a lemon yellow skin and sclera, atrophic tongue, hemic heart murmur, 
edema and evidence of moderate posterolateral sclerosis of the spinal cord 
Achylia was present The Wassermann reaction of the blood was negative On 
his discharge, Dec 19, 1926, the hemoglobin content was 63 per cent and the red 
blood cells numbered 3,850,000 

The blood counts made at the hospital, following the transfusion and institution 
of liver feeding, and after the patient’s discharge are given in tables 2 and 3, 
respectively 

During all this period he felt fairly well, but in November he complained of 
weakness again, and showed some edema of the ankles He went to Florida for 
the winter, felt well, and did not report again until June 2, 1928, when examina- 
tion revealed hemoglobin, 52 per cent , red blood cells, 2,430,000, and color index, 
1 08 He said that he had kept up a maintenance dose of from three to six vials 
of liver extract daily and that he ate liver and beef as often as he could obtain 
them He had been out in the sun constantly, as his appearance indicated On 
his return home m the spring his daughter supervised his diet and medication 
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For a short period he used a liquid liver extract with which I had had no 
experience, but when this was discovered he was advised to abandon its use and 
return to the original extract, which he did 

At this time he was distinctly weaker, although no changes in the spinal cord 
or general condition were demonstrated He decided that he would return to his 
home in Charles City, Iowa, where he thought he would be more comfortable with 
a daughter, he died there on Feb 19, 1929 No definite or accurate report concern- 
ing his death was received except from relatives, who said that he gradually 
became weaker and died His daughter had been instructed as to the liver diet 
and the proper amounts of extract He had continued these until he became too 
weak to eat anything During his entire period under observation he took adequate 
amounts of either liver or liver extract daily 

Comment — This patient died as the result of slowly progressive 
anemia Undoubtedly, the blood elements weie 1 educed to a lower 
le\el alter the final readings A possible factor in this case must have 
been the age of the patient Piobably even a potent stimulant like 


Tvble 4 — Subsequent Blood Counts in Case 2 



Hemoglobin, 

Red Blood 

Color 


per Cent 

Cells 

Index 

8/22/2S 

55 

2,670,000 

105 

10/25/2S 

13 

1,830,000 

109 

X1/X9/2S 

44 

1,810,000 

122 

12/21/28 

46 

1,600,000 

112 


h\ei becomes ineffective m a man aged 74 He had certainly lived 
out his expectancy Neveitheless, he died of anemia while on an 
adequate diet of lrvei 

Case 3 — Miss E D MacL , aged 68, was sent to the clinic for examination on 
May 29, 1929 She complained ot weakness Her family history was unimportant 
She had had pneumonia m 1918 and some trouble with her joints for the past 
four years During this period she had also had paresthesia of the hands and feet, 
with the “glove-sock” distribution During the past winter she had become weak 
and been djspneic on exertion On April 19 she entered the Fifth Avenue Hos- 
pital in New York, under the care of Dr C F Tenney His report showed nega- 
tne results on general phvsical examination, achlorhydria and, on May 4, 1929, a 
hemoglobin content of 19 per cent , the red blood cells numbered 1,300,000 and the 
white blood cells 5 200 Dr Tennevs clinical diagnosis was pernicious anemia 
She recened transfusions there on Ma> 7, 13 and 22, the record of the blood 
counts is gnen in table 5 

She was also given liver extract and dilute hydrochloric acid Examination 
at the clinic on Maj' 29, 1929, showed a marked pallor and signs of posterolateral 
sclerosis of the spinal cord The blood pressure was 135 systolic and 62 diastolic 
The hemoglobin content was 36 per cent the red blood cells numbered 2,120,000 
and the white blood cells 5,000 She W'as placed in the hospital, given six transfu- 
sions and kept on liver extract— from six to nine vials daily She was also given 
liver and beef bv order from the diet kitchen A record of a few of her blood 
counts is gnen in table 6 
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During her stay m the hospital she had frequent attacks of precorchal pain, 
with dyspnea A clinical diagnosis of severe anemia, with posterolateral sclerosis 
of the spinal cord and coronary sclerosis was made She continued to receive the 
“liver diet” and extract no 343 up to the time of death For a short period she 
received twelve vials daily On July 23, at 11 30 p m , the patient became restless 
and tossed about m bed Morphine failed to quiet her, she became dyspneic and 
died at 1 30 a m 

An autopsy performed by Dr A E Kumpf, of the Department of Pathology, 
the University of Minnesota, revealed The heart weighed 400 Gm with moderate 
hypertrophy of the left ventricular musculature The valves were normal There 
was marked sclerosis and calcification of both coronary arteries The spleen 
weighed 225 Gm The liver weighed 1,575 Gm The bone marrow from the 


T 'VBLE 5 — Blood Counts in Case 3 Bcjoie Hospitalization 



Hemoglobin, 

Red Blood 

White Blood 


per Cent 

Cells 

Cells 

5/ S/29 

32 

2,100,000 


5/13/29 

24 

1,600,000 

5,700 

5/14/29 

43 

2,600,000 


5/18/29 

41 

2,800,000 

5,000 

5/21/29 

47 

1,900,000 


5/22/29 

oO 

2,400,000 



Tvble 6 — Blood Counts Aftci Hospitalization 



Hemoglobin, 

Red Blood 




per Cent 

Cells 

Platelets 

Reticulocytes 

0/ S/29 

22 

l.SOO.OOO 



0/11/29 

33 

2,100,000 

150,000 

>one 

0/14/29 

30 

2,200,000 



6/18/29 

20 

2,500,000 



0/2S/29 

32 

2,700,000 



7/ 1/29 

2S 

1,850,000 



7/10/29 

30 

1,750,000 



7/20/29 

20 

1,600,000 



7/22/29 

18 

1,115,000 




center of the shaft of the lelt femur was jellow, except the pait adjacent to the 
bone, which was dark red Microscopically , the liver showed slight lymphocytic 
infiltration of the portal canals and some fatty change of the central parts of the 
lobules The spleen showed some hyperplasia of the malpighian corpuscles Both 
showed an increase of iron pigment with potassium ferrocyanide stain The bone 
marrow showed numerous myelocytes and myeloblasts, a few eosinophils, meta- 
myelocytes and some megakaryocytes There were no normoblasts or megaloblasts 
The spinal cord showed sclerosis m the lateral and posterior columns The 
pathologic diagnosis was (1) subacute combined degeneration of the spinal cord, 
(2) pernicious anemia, probably in the aplastic stage, (3) hemosiderosis in the 
liver and spleen, (4) moderate metaplasia of the bone marrow, (5) coronary 
sclerosis in cardiac hypertension, and (6) hypertension of the kidneys 

Comment — The complication of coronary sclerosis undoubtedly had 
something to do with the sudden death m this patient The observa- 
tions at autopsy indicated that there was cardiac and renal disease 
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which undoubtedly would have eventually caused death without the 
concurrence of the pernicious anemia In this patient, however, the 
blood did not react to the stimulation of either transfusions 01 liver 
To meet a possible criticism, it may be mentioned that the extent of 
the nephritis was not thought to be sufficient to account for any degree 
of anemia Neither was the heart decompensated The hvei, for 
instance, showed only such degenerative changes as should result from 
the anemia, and there was not a sufficient amount of passive congestion 
to account for the failure to react to stimulation 

SUMMARY 

Three patients with pernicious anemia died while undei tieatment 
with adequate 1 amounts of liver or liver extracts They died just 
as one might have expected before the advent of liver therapy, although, 
with the exception of the third patient, possibly not so rapidly I do 
not wish to diaw any conclusions from these few cases, but ceitam 
comments may be made Liver therapy apparently has no effect on 
the ultimate outcome in every case of pernicious anemia It is too soon 
to begin to be hopeful that liver substances can indefinitely check the 
progress of the disease In considenng the result of liver theiapy 
with the idea of deducing an etiologic hypothesis, it must not be for- 
gotten that achylia and scleiosis of the spinal cord are integial parts 
of the syndrome and that these changes are apparently unaffected 
by liver In certain cases it is evident that one must expect death 
as the result of the progression of disease of the spinal cord, m spite 
of a relatively good condition of the blood In othei cases, the blood- 
foimmg organs become incapable of further regeneiative effort, per- 
haps as the result of the age of the patient, 01 even conceivably m 
younger patients because of exhaustive overstimulation Finally, there 
aie patients with an aplastic marrow who cannot become stimulated 
initially 

1 By “adequate” is meant an amount, found mother patients so treated, that 
will keep the blood count and hemoglobin percentage up to reasonable normal 
levels , usually to obtain an initial response, nine vials have been used daily, and 
to maintain the level, from three to six vials daily depending on the amount of 
liver the patients were eating All the patients observed were maintained on a 
modified "Murphy-Minot” diet, as described in connection with the first case 

1009 Nicollet Avenue 



TUBERCULOUS INFECTION 


attempts to prevent it by subcutaneous vaccination 

WITH BCG 

JOHANNES HEIMBECIv 

OSLO, NORW V.Y 

The basis of all woik on tubei culosis is the knowledge of tuberculous 
infection, and when the question of combating the disease by means of 
piophylactic vaccination anses the conditions influencing the infection 
become of vital importance An account of tuberculous infection will 
theiefoie be given, with the observations on which vaccination is based, 
followed by a descuption of subcutaneous vaccination with BCG and 
its lesults 

The common conception of tuberculous infection is that it geneially 
occuis during the early yeais of childhood The many difficulties that 
continually anse, howevei, when an attempt is made to bung actual facts 
concerning tuberculosis into line with this theory, for instance, the 
moibichty at the ages between 20 and 30 yeais, make one doubt the 
tiuth of the theoiy And the facts on which the theory is based do 
not seem convincing, they aie too few and too specialized to justifv 
such a general hypothesis regarding infection in childhood Foi this 
leason, the question of tuberculous infection was made the subject 
of fuither investigation, and the results are published in the present 
communication 

The work has been proceeding since 1926, and covers the thiee 
social classes which constitute practically the whole population of 
Norway, as of other countries, namely, the country dwellers and the 
two classes of townsfolk, the middle class and the woikeis The 
subjects were of all ages, the investigations being made on a laige scale 
among the ordinary, presumably healthy population The method of 
investigation was Pirquet’s cutaneous tuberculin test, as well as an 
ordinal y clinical and roentgenologic examination m special cases 

The Puquet test was chosen for the following leasons 1 If not 
an absolutely infallible test of tubei culous infection, it is so reliable 
that the peicentage of eiror m mass investigations is negligible, e g, 
of 50 pei sons under 21 yeais of age giving negative Pirquet reactions 
not one gave a positive Mantoux leaction with 1 mg of tuberculin 
2 It is the easiest and quickest method for the investigator, and m 
the way that it was used in this investigation it is the least trying to 

Submitted for publication, Aug 23, 1930 
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the subjects being tested Aftei peisonal experience with fiom 5,000 
to 6,000 tests, the following is the method that I now use The skin 
of the upper pait of the left aim is washed with ethei, and 2 tiansverse 
stupes of concentrated old tuberculin (equal parts of human and 
bovine) 2 cm long, aie put on, 5 cm apait Then the epidermis is 
cut with a lancet thiough the stupes of tubeicuhn, and the aim is 
left uncoveied foi ten minutes befoie the clothes aie again put on, 
to allow the tubeicuhn to chy It should be noted that a lancet and 
not a peifoiatoi is used The peifoiatoi often causes a mechanical action 
which can easily be, and undoubtedly often is, mistaken foi a tubeicuhn 
leaction It should also be noted that the control incision is omitted 
It was found to be unnecessaiy m the hist 3,000 or moie investigations 

The leaction is judged aftei foity-eight houis If theie is an aiea 
of 5 mm oi moie of ledness and infiltration along the tubeicuhn 
incisions, the leaction is positive and the test finished If the reaction 
is less oi is entuely absent, the test is repeated and again judged aftei 
foity-eight houis If it is then positive, the two fiist tests will usually 
be sti engthened and the i eaction in the second test will be moi e vigoi ous 
Some peisonal expeuence is necessaiy, howevei, in judging the weakei 
leactions, which aie seen especially with inci easing age In most cases, 
howevei, the positive leaction is so maiked paiticulaily in childien, 
that theie is no doubt about it In childien less than 15 yeais of age 
the leaction at the fiist test is so lehable that a second one is unneces- 
saiy m mass investigations, as only 0 8 pei cent of the children giving 
a negative leaction at the fiist test give a positive one at the second 
(878 cases) 

These technical details have been descnbed minutely because the 
value of an investigation depends on the accuiacy of the technic I 
shall now pass on to the investigations and then lesults 

RESULTS OF INVESTIG VTION 

Foi pm poses of piesentation it is easiest to begin with the two 
classes of town dwelleis These investigations were earned out in Oslo, 
the capital of Noiway, a seapoit and industnal town of about a quaitei 
ot a million inhabitants Altogether 3,743 peisons — 2,188 of the woi Ic- 
ing class and 1,555 of the middle class — weie examined They weie 
ai ranged in thiee yeai gioups, the fiist gioup fiom bath to 3 yeais ot 
age, the second gioup fiom 4 to 6 yeais, and so on, until the age of 30, 
then in ten yeai gioups up to the age of 50, and, finally, all above this 
age m one gioup The lesults aie shown m figuie 1, which gives the 
peicentage of those giving positive Pnquet reactions in each group 

In peisons of the woikmg class the following lesults weie obtained 
Ten per cent of the fiist group gave a positive leaction, that is, were 
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infected with tuberculosis, as u r erc 22 \cr cent of the second gioup 
from 4 to 6 years of age, and 23 per cent of the next gioup, up to 9 
)ears of age, then there began a moie rapid increase in the numbei 
of infected peisons to 38 per cent in the following thiee }eai penod, 
reaching 50 per cent in the next gioup, from 22 to 24 >eais, theie was 
a steady use to 85 per cent, and fiom 28 and 30 >ears to 98 pei cent, 
while fiom 40 to 50 yeais of age all subjects, oi 100 pei cent, w'eie 
infected Thus even among the woiking class, most of whom lived 
ciow'ded togethei in large tenement houses, only the minonty w r eie 
infected with tubeiculosis m childhood 

The infection oceuned even later in the middle class ITeie only 
7 pei cent ol the childien up to 3 yeais of age weie infected, and 



It*, middle Humber 58 82 434 391 112 53 156 74 52 32 81 17 13 

Clone* fWnf 7 'll 10 17 23 26 46 55 62 84 93 100 92 


Fig 1 — Percentage of tuberculous infection among working class (solid line) 
(2,188 persons examined) and middle class (broken line) (1,555 peisons examined) 


the peicentage rose slowly dm mg the subsequent age penods until the 
age of 18, when 26 per cent w'eie found to give positive leactions After 
this age, however, theie was a sharp rise, so that the numbei of infected 
peisons leached 84 per cent in the couise of the following 12 yeais, 
then the use continued moie slowly until the age of 40 to 50 yeais 
when eveiy pei son examined was infected 

From these Pirquet cuives one can draw the following conclusion 
which is pai ticularly well bi ought out by the curve for the middle class 
In childhood only a small number are infected with tubeiculosis and 
the peicentage mci eases slowly during this penod of life, as the children, 
as a rule, are kept at home When the\ are infected at this age it is 
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usually because theie aie cases of tubeiculosis m the home Theiefoie 
the first period of infection is usually in the home duiing childhood 
Then, with the tiansition to a working life with its unlimited inter- 
com se with other people and the many chances of infection out- 
side the home, the second and great penod of infection begins It is 
m this period of youth, the woiking yeais, that the majonty of people, 
and all who have escaped the infection dui in g childhood, become infected 
Owing to the different social conditions, this penod staits eailiei and 
is less marked in the woiking class than m the middle class 

The fact that a small numbei of persons aie infected during child- 
hood and the majority later m life is natuially also met with among 



Fig 2 — Percentage of tuberculous infection among persons in country districts 
Scale at bottom of chart gives number of persons examined 


the unmixed countiy population, as is evident fiom figuie 2, which 
shows the results by five yeai age gioups But among these people, 
whose life passes uneventfully and m the same suiioundings fiom 
cradle to grave, the cune of infection runs smoothly, and by no means 
all pei sons become infected 

The foregoing conclusions can be diawn fiom ouhnaiy investiga- 
tions with the Pirquet reaction I shall now considei how fai they 
are confirmed by moie specialized investigations 

I shall first deal with infection duung childhood, in which a mailced 
diffeience between the two town classes was shown by an investigation 
of school children This is indicated in figure 3, which shows the results 
of the Pnquet test (a) in the school in Oslo which contains pupils 
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Hum the most t\pical and poorest woikmg class distnet of the town, 
and (b) m the sehool composed of chikhen from the most piospeious 
class of the town The percentage is given foi each sear class and it 
will he noticed that it rises slowly for both groups, although more 
lapidly foi chilchen of the w r oi king class than tor those of the middle 
class, also that the infection is twuce as common among the foimei 
ehildien as among the latter 

The leiationship between the cui\es indicating mtection and those 
indicating moibidity for Oslo is shown in figuie 4 The newl> leeoided 
cases of tuberculosis for one \eai aie ananged m fi\e \eai age gioups 



Fig 3 — Percentage of tuberculous infection among school children ot the 
working class (solid line) and of the middle class (broken line) Figures below 
chart indicate the number of children of the working class (upper row) and 
middle class (lower row) examined 


and aie placed in columns The moibidity was slight dui mg the few 
cases of infection during childhood, wheieas it was widespread during 
the young adult penod, coi responding to the time when the second — the 
great — period of infection occuued Then the numbei of new cases 
giadually fell again to zero The moibidity cuive, therefore, confirms 
the suggested theoiy of infection and seems to support the Mew that 
tuberculous disease is a dnect lesult of the pumaiy tuberculous infection 
This question and the significance of the positive and negative Pnquet 
leactions will be dealt with moie fully m the following account of the 
m\ estigations of tubeiculosis among the nurses in Ulleval hospital 
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TUBERCULOUS INFECTION IN NURSES 

Ulleval hospital is the municipal hospital containing about 1,500 
beds, of which appi oxuuately 300 are foi tubeiculous cases The lattei 
aie chiefly advanced cases of pulmonaiy tuberculosis in the special 
tubeiculous wauls m the 3 medical departments, they include also, foi 
\auous leasons, cases in the othei depaitments of the hospital It is 
theiefore easy to understand that theie is ample oppoitumty for the 
nuises to become infected These nuises are pnncipally probationers 
m the nuising school of the hospital, the couise of which lasts three 
yeais, it admits about 110 new piobationeis eveiy )eai All the nurses 
leside in the hospital and theiefore live undei similai conditions These 
conditions aie ideal foi the exact study of tubeiculous infection with, 
on the one hand, uniform mateual consisting of healthy peisons of the 
same age — nurses in tiammg — and, on the other hand, a constant and 
plentiful supply of souices of infection, with a penod of three years foi 
most caietul obseivation 

The mi estigations weie begun m 1924 on the initiative ot my toimei 
chief, Di Olaf Scheel The plan at hist was to obtain Puquet reactions 
fiom the newly admitted piobationers and to keep them undei obsei- 
vation By degiees howevei, the lesults made it necessaiy to extend 
the woik to include the afoiementioned investigations and othei points 

The obseivations on each group aie recouled sepaiately (fig 4) 
foi 1924, 1925, 1926 etc The lesults for the first thiee yeais aie 
given in two columns one foi persons giving positive leactions to 
the Pirquet test and the othei for those giving a negative leaction, 
for the piesent I am concerned with these only 

The fiist lesult, which at the time seemed cui ions, was that only 
one half of these women 21 yeais of age, two thuds of whom came 
fiom the towns and one thud fiom the counti)-, gave a positive Puquet 
leaction, that is, weie infected with tubeicle bacilli, a fact confiuned year 
after yeai 4 his has now been accounted foi by the investigations 
referied to 

The second lesult which giadually became apparent fiom obsei- 
vation ot the nuises was the ovei whelming moibidity of tubeiculosis 
among those who first gave a negative Puquet reaction and the slight 
moibidity among those who had a positive Puquet leaction to stait 
with This is shown m the columns of figuie 5, in which each tiansveise 
stroke indicates a case of tubeiculous disease Among the piobationeis 
of 1924, 17 of the 51 who started with a negative Puquet leaction 
eventually conti acted the disease, while there was only 1 case among 
the 58 staiting with a positive leaction In the class of 1925, theie were 
21 cases among the 72 giving a negative leaction and 1 case among 
the 42 giving a positive leaction, in the class of 1926, 15 cases occuued 
among the 62 with an initial negative leaction and 1 case among the 
52 with a positive leaction 
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Fig 4 — Relation between infection and morbidity curves Solid line represents 
working class , broken line, middle class (infection curves for medical students 
and nurses are indicated) , columns, newly repoited cases of tuberculosis for one 
year, arranged in five year age groups 



Fig 5 — Tuberculous diseases among nurses The columns marked with a 
positive sign indicate the group giving a positne reaction at the initial examina- 
tion, the columns marked with a negative sign, the group originally giving a 
negative reaction The other columns indicate the number of persons \accmated 
with BCG The trans\ erse lines m the columns indicate the number of cases 
of tuberculous disease that developed 
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It should be noted that all these nurses weie thoroughly examined 
when they staited woik at the hospital and were found to be healthy 
They had never had any senous illness or piesented any symptoms 
of disease In this respect they were all alike They diffeied from 
each other, however, as to then Pirquet reaction Those giving a 
positive reaction were infected with tubeicle bacilli, but as no symptoms 
of the disease had been 01 weie present the infection must haye been 
benign The ntuses giving a negative leaction were fiee from tubei- 
culous infection 

The generally accepted opinion that the piesence of tubeiculosis 
in pei sons between 20 and 30 yeais depends on a latent infection in 
childhood would lead one to expect that cases of tubeiculosis m adults 
would be found mostly among those who pieviously gave a positive 
Puquet leaction But this is not so On the conti aiy, these persons 
seldom become ill with the disease It is among those who, fortunately 
or unfortunately, have passed through childhood and the hist yeais 
of youth without conti acting a benign tubeiculous infection that one 
finds an appalling moibidity fiom tubeiculosis when they aie exposed 
to infection How enoimous this infection is m the hospital, was 
furthei demolish at ed by the Pirquet leactions of the nuises during 
then training, which showed that m the couise of their thiee yeais’ 
stay at the hospital all, oi 100 pei cent, become infected This is 
shown in figure 4, in wdnch the nuises’ curve (unbroken shoit line) 
is plotted along with that of the rest of the middle class The extension 
of tuberculous infection fiom 50 to 100 pei cent of infected cases, which 
takes about twenty years m the middle class, under oidinary conditions 
ot infection, occuis among the nuises m the couise of only three years, 
owing to the paiticulaily favoiable and abundant chances foi infection 
m the hospital 

That the exogenous bacillaiy infection, in this case occuning m 
the hospital, is lealh the determining factor, is confiimed by investiga- 
tions earned out on medical students It was found that 56 per cent 
of the students gave a positive Pirquet reaction before they began their 
clinical work at the hospital, but after two yeais of hospital woik 
there were 98 pei cent of positive cases (fig 4, broken short line) 

I his group, the only one exposed to practically the same infection 
as the nurses were, thus had the same type of infection cuive, which 
was distinct from that ot the middle class Moieovei, it showed a 
remaikably high tubeiculosis morbidity, for 19 of the 339 students 
engaged m clinical work weie found to have tuberculous disease 

It is convenient at this point to examine the tubeiculous disease 
among the nurses more in detail, especially because they affoid par- 
ticular information about the i elation between tubeiculous infection 
and the disease 
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'I he tubuculoiih diseases in all the )ear groups art taken toqethu 
and specified here 

Pulmonarj infiltration (21 cases 7 with, and 14 without demonstrated tubercle 
bacilli) 

Erjthema nodosum, pulmonan infiltration (16 cases 1 with, and 15 without 
demonstrated tubercle bacilli) 

Erjthema nodosum, pleurisv (4 cases) 

Erythema nodosum, pleurisj and peritonitis (1 case) 

Erjthema nodosum (16 cases) 

Pleurisy (15 cases) 

Pleurisy, pulmonary infiltration (6 cases) 

Pleurisy, coxitis (1 case) 

Canes of the ribs, pulmonary infiltration (1 case) 

Theie were 81 cases in all, 10 being among the 372 muses onginalh 
giving a positive Pnquet teaction, and 71 being among those fiist 
giving a negative leaction 

The time when symptoms of tubeiculosis weie noted in muses 
ongmally giving a negative reaction gives definite mtoimation as to 
the intei val of time between infection and the appeal ance of the disease 
Dunng the first six months aftei training began there weie thnty- 
one cases, during the second six months, sixteen cases, dunng the 
whole of the second yeai, eighteen cases, and aftei the second )eat 

six cases As one can date the fiist chance of infection from the day 

that ti anting started, though no doubt it actually occuried later when 
the nurses came to work m the tuberculosis wauls, it can be concluded 
that theie is not a long latent penod between the infection and the 
outbieak of the disease, but that the infection soon betiavs its malig- 
nanev This is cleai fiom the following obseivations in an lndiudual 
case 

Probationer Randi began her training at the hospital on Jan 2, 1928 She 
then had a negative Pirquet reaction On Februarj r 4, a roentgenogram was taken 
of hei lungs, as was done at that time m the case of all the nurses who originally 
gave a negative Pirquet reaction As shown m figure 6, it was normal She did 
not nurse tuberculous patients during the first six months, and on Julj 18 she 

still had a negative Pirquet reaction In September she started work in one of 

the tuberculosis departments, and m October she no longer felt well On October 
27, another Pirquet reaction was therefore obtained and a roentgenogram taken 
The Pirquet reaction then was a maximum positive one The roentgenogram 
(fig 7) showed that external to the right lulus there was an infiltrated area, about 
the size of a lien’s egg, merging into a diffuse hilar condensation The next day 
(October 2S), an eruption of erjthema nodosum appeared, and she became fever- 
ish A week later, on November 5, the temperature became more irregular with 
a tendencj to rise On November 8, there was another outbreak ot erjthema 
nodosum A roentgenogram (fig 8), taken on November 9, showed a distinct 
enlargement of the previoush observed primarj infiltration — the German “Fruhm- 
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Fig 7 — Roentgenogram taken on October 27 
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filtrat” — and scattered -.pots spreading downward o\er the field 01 the right lung 
Barel} two months had elapsed irom the date ot the probable injection to the 
onset ot the disease 

It only lemains to draw conclusions liotn the fate of the muses 
who stai ted with a positive Pirquet reaction When exposed to the 
identical infection which caused such a gieat moibuhty from tubeiculosis 
among those who staited with a negatnc leaction, these muses exhibited 
a minimum moibidity As aheady stated, all that distinguished the 
two gioups fiom oue another was the fact that the gioup giving a positive 
Pnquet leaction aheady had a benign tuberculous infection when 



Fig 8 — Roentgenogram taken on Xo\ ember 9 


exposed to infection at the hospital Their lesistance against the infec- 
tion in the hospital can be attnbuted only to then previous infection, 
which must hate pioduced immunity against a new tuberculous infection, 
an immunity heie levealed by the Pnquet reaction This, moieovei, 
is mciely a confumation of Koch and Romei’s demonstration of the 
immunity against lemfection of an animal infected with tubeiculosis 
As the Pnquet leaction was theiefore, a sign of immunity against 
a new infection, it at once occurred to me that the natural infection 
— m which chance decides whethei it shall be benign or malignant — 
might he leplaced by an aitificial, benign infection which, like the natuial 
one, manifests its immunizing effect m a positue Pirquet leaction 
Foi the pioduction ot such an infection it should be possible, theoiet- 
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icall}, at any rate, to use BCG, because it difteis fiom the tubeicle 
bacillus only in that it cannot be virulent Moreovei, the use of B C G 
in cases showing a negative Pirquet leaction would logically conform 
to Calmette and Guerin’s rule for employing it in new-born childien 
tlneatened with tubeiculosis For, like these, persons giving a negative 
Pirquet reaction are not infected with tubeiculosis, but are extiemelv 
susceptible to tubeiculosis The scope of its application has meiely 
been extended fiom infancy to adult life in confoimity with the new 
theory of tuberculosis expounded here 

However, it would be necessaiy to modify the method of vaccina- 
tion, as 01 al admimsti ation in infants is conditional on the permeability 
of the intestine, which soon disappears The vaccination must theiefoie 
be done by some parenteral loute It was decided to make the injection 
superficially under the skin This was done (1) because the cutaneous 
and subcutaneous tissues are supposed to be the chief sites foi the 
pioduction of antibody, and therefoie give the vaccine the best chance 
of exeiting an immunizing effect, and (2) because it was possible to 
watch the local action of the vaccine and to intervene if necessaiy 

\ ACCIN \TI0N WITH BCG 

On the basis of this leasomng, on the one hand, and with the tin eat 
of an enoi mous moibidit} fiom tuberculosis among the nurses with a 
negative Pirquet leaction, on the other hand, subcutaneous vaccination 
with BCG was ti led 

It will not be necessai) to describe the development of the investi- 
gation in detail I shall mention only the essential points 

The fiist expei iment was earned out in May, 1926, with an arbitral lly 
chosen dose of 0 2 mg of BCG, suspended in a physiologic solution 
of sodium chloride The lesult was that baiely a month later the 
Pnquet leaction became positive As the fiist step, to pioduce a sign 
of immunity, was thus achieved, the investigation was continued 
As a cold abscess der eloped at the site of the injection m both of the fiist 
two pei sons vaccinated, the dose was deci eased in subsequent attempts, 
without, howevei, diopping below the minimum effective dose Since 
then the dose has been reduced to 0 03 and 0 02 mg , but the pi oduc- 
tion of abscesses has not entnely ceased They have become much 
raiei, howevei, appealing in only fiom 2 to 3 pei cent of the persons 
vaccinated, wheieas they occuned m 10 pei cent when the laige 
doses weie given 

The abscess, which is the only objection to the method, is m eveiv 
lespect a typical cold abscess, and, like the lattei, it may peisist foi 
a fanly long time Abscesses of this kind have lasted as long as four 
months, depending on the tieatment and then size They have never 
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intei feied with the subject’s woik, howevei, and have nevei caused 
any symptoms except stiictly local ones, not even disease of the local 
glands 

I shall now considei the effect of the vaccinations which, aftei the 
onenting expenments in 1926, have been earned out s> stematically 
since Januaiy, 1927, among the nurses at Ulleval Hospital and also 
among the geneial population of Noiway 

In view of the accuiate data accumulated concerning infection and 
the obseivations lefened to, the vaccinations of the nuises have a 
special intei est Immediately aftei they staited their tiaming and as 
soon as the Piiquet leaction was ascei tamed, the nuises who wished 
it weie vaccinated It was done with a suspension of 0 1 mg of B C G 
pei cubic centnnetei, as it was thus easy to measuie the dose, the 
injection was made by the supeificial subcutaneous method Aftei 
vaccination the nuises weie kept away from all patients with tubei - 
culosis foi about six weeks, which is the time that usually passes before 
the Piicjuet leaction becomes positive, and which is theiefoie piesumed 
to be the mteival that must elapse between vaccination and the develop- 
ment of immunity To obtain piecisely compaiable matenal, the unvac- 
cinated nuises giving a negative Piiquet leaction weie isolated m the 
same way Aftei waid they weie all fiee to take up the musing of 
tubei culous patients 

Up to the piesent, 160 nuises have been vaccinated, as shown 
in figuie 5, in which the lesults foi each yeai aie lecoided sepaiately 
The hist yeai was 1927, when 110 piobationeis began tiaming, 64 
of these gave a positive Piiquet reaction — that is, they weie immune 
to tubei culous infection — and 56 gave a negative leaction and weie 
theiefoie susceptible to tubei culosis Vaccination was done on 44 of 
those giving a negative leaction, 12 of the gioup lefusing it After 
tlnee yeai s’ tiaming, theie was only 1 case of illness (pleunsy) among 
the 44 vaccinated subjects, but 5 of the 12 nuises who lefused vac- 
cination had conti acted tubei culosis As in pievious yeais, theie was 
little moibidity among the nuises who ongmally gave a positive Piiquet 
leaction The same holds foi the yeai 1928, only 2 of the 40 vaccinated 
nuises being ill, both with pleunsy, while of the 18 nuises who weie 
not vaccinated some foim of tubei culosis developed m 10 The lesistance 
against tubei culosis of those vaccinated with B C G is also evident foi 
the year 1929, as when last obseived none of the 52 nuises who 
weie vaccinated in that yeai had devoloped tubei culosis , the same 
applies also to the 24 nuises who weie vaccinated in Januaiy, 1930 
These two penods conespond to the first year and the fiist six months 
of tiaming, lespectively, penods when, as alieady pointed out, most of 
the cases of tubei culosis occur 
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The results, then, show that since 1927 theie have been 3 cases 
of tuberculous disease among the 160 vaccinated nuises against 15 
among the 35 unvaccinated nuises, and it seems clear that vaccination 
is effective This view was conoboiated by the Danish statistician, 
Piofessoi Harald Westeigaard, piesident of the Statistical Commission 
of the League of Nations, who elaboiated the lesults up to Dec 31 
1929 In calculating the moibidity of tubeiculosis among the nuises 
on the basis of the actual, constant numbei of those m tiaimng, he 
found a morbidity of 4 08 pei cent among those with a positive Pnquet 
leaction, of 33 55 pei cent among those with a negative reaction and 
of 2 49 per cent among the vaccinated nuises Finding that the probable 
mean enor was onl) one seventh of the actual diffeience between the 
two last named gioups, he declaied it highly piobable that the vac- 
cination causes an effective immunity against tubeiculosis 

This is also suppoited b} the 2,000 to 3,000 vaccinations earned 
out simultaneously paitty in Oslo and paitl} in difteient country chstucts 
in Noiuay The conditions influencing infection and conti ol are so 
unceitain, howevei, that the lesults aie not tiustwoitlty aftei such 
a short time, and the\ will therefoie, not be discussed fuither here 

I have dealt with the chief factoi in \ acci nation with BCG namely 
its immunizing action Othei obseivations made cltuing the experiments 
are of less importance A few of them, howevei, have some mteiest, 
both practical and theoietical, and will theiefoie be lefened to 

First, theie is the local effect of the injection of vaccine In most 

cases there is none, eithei immediate oi delated, but foi a few days 

after the vaccination a slight redness may appeal at the site of the 
injection, which may be followed by infiltiation Thus infiltration 
was seen in twent) -seven of the nurses It may develop at any time 
fiom the second week to the second month aftei raccination, and vanes 
m size fiom that ot a gram to that of a pigeon’s egg It has been 

observed to last foi as long as twehe months In some cases the 

infiltrations suppurated, and in foui cases the suppuiation led to peifoia- 
tion It is not cleai fiom the material what causes the infiltiation and 
possible abscess foimation, foi, as aheady pointed out, although they 
weie rnoie frequent m connection with the laige doses of vaccine, 
they occuned at landom following the small doses Idiosynciasy seems 
to play a part Anothei point to be noted is the Pnquet leaction m the 
vaccinated persons 

The basis of all these raccinations was that a subcutaneous injec- 
tion of B C G called foith the power of reacting to the Pnquet test — an 
indication of immunity — in pei sons pieviously fiee fiom tuberculosis 
Tins reasoning, however pioved not to be sound, foi even with the 
laiger doses and in cases in which the vaccination caused local infiltia- 
tion the leaction did not alwajs develop With the smallei doses, 
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0 02 and 0 03 mg, baiel} one half of the subjects gave a positive 
leaction in the first six weeks to two months But even when the 
Pnquet leaction did not become positive the vaccination seemed to 
pioduce immunity, a point of the gieatest impoitance though antago- 
nistic to the working hypothesis None of the twenty-seven nuises 
vaccinated dunng the fiist thiee yeais — six m 1926, seven in 1928 and 
foui teen m 1929 — who gave a negative leaction in response to the 
Aaccmation contracted the disease when exposed to tubeiculous infection 
It seems that these also must have become immunized This foim of 
immunity, howevei , could not have been an absolute immunity pro- 
tecting against all infection, because when these twenty-seven nuises 
weie subsequently exposed to infection they gave a positive leaction, 
undoubtedly due to an exogenous tuberculous infection, for in othei 
vaccinated peisons outside the hospital, some of whom have been living 
m suuoundmgs fiee fiom tubeiculosis since then vaccination, it is 
not laie to find a continued negative leaction The effect of the vaccina- 
tion seems, theiefoie, to be that the BCG infection tends to produce a 
modeiate immunity before the appeaiance of alleigy, manifested in the 
positive Pirquet reaction This immunity is not stiong enough, howevei, 
to prevent tubeiculous infection, but it prevents the infection from 
becoming malignant and lendeis it benign, so that it acts like a new 
dose of vaccine inci easing the pioduction of antibody to a point where 
it gives an alleigic reaction In haimony, peihaps, with the fact that 
the BCG immunity only mitigates the effect of subsequent infections 
is the obseivation that the positive Pnquet leaction of the vaccinated 
nuises in tuberculous suuoundmgs lemamed constant, with one 
exception, thioughout the whole penod of obseivation, but was found 
to become weaker and disappeai in fiom one to thiee yeais in sur- 
loundings fiee fiom tubeiculosis 

CONCLUSIONS 

Tubeiculous infection occuis in the minonty of peisons dunng 
childhood (the fiist penod of infection) and in the majonty dunng 
adult life (the second period of infection) 

Tuberculous diseases are geneially the direct lesult of a newly 
acquued infection An infection that does not presently reveal its 
malignancy with symptoms of disease but merely causes alleigy will 
seldom give use to disease piocesses later, on the conti ary, it piotects 
the organism against any new exogenous infection Pnquet’s tubeicuhn 
leaction m a healthy peison is theiefoie to be regarded as a sign of 
immunity Subcutaneous vaccination with B C G is haimless and, as 
a rule, produces immunity, often associated with alleigy The immunity 
is equivalent to a benign tubeiculous infection, but is piobably not per- 
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manent As within a ceitam time, peihaps fiom one to tour yeais aftei 
the vaccination, it seems to be sti engthened and stabilized by any later 
tuberculous infection, those vaccinated possibly ought to be infected 
with tubercle bacilli or revaccinated with BCG the first yeai 01 two 
aftei vaccination In persons living in tubeiculous sui roundings and 
giving a negative Pirquet leaction, subcutaneous vaccination with BCG 
is the soveieign means of pi eventing tubeiculosis 



PRIMARY CARCINOMA OF THE DUODENUM 


REPORT or TOUR CASES, WITH A REVIEW Or 
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CHIC \G0 

The first lepoit of a case of pinnaiy caicmoma of the duodenum is 
found among the wntmgs of Geoigmis Hambeigei 1 as eaily as 1746 
In 1761, the letteis of Giovanni Moigagm 2 brought to light the clinical 
pathologic lepoit of the second instance, in which the condition was 
localized in the first poition of the duodenum This case was said 
to have been encounteied no latei than 1733 Almost a centuiy elapsed 
befoie additional instances weie lecorded It is noteworthy that among 
the lecoids and memoirs of Richaid Blight 3 no lefeience to this condi- 
tion is found Following Chomel’s 4 paper in 1852, and that of Caillet 5 
m 1876, many other reports appealed Additional instances have con- 
tinued to appear in the hteiatuie 

The piesent report deals with four cases of pnmaiy caicmoma of 
the duodenum that weie observed clinically and diagnosed by a caieful 
study of the nncioscopic specimens We have also made a leview of 
the hteiatuie It is our pui pose in this aiticle not only to lepoit these 
cases, but to call attention to the need of caieful, critical study and 
analysis of obstructive duodenal lesions 

REPORT OF CASES 

Case 1 — Histoiy — A P, a white man, aged 45, married, was admitted to the 
Michael Reese Hospital on June 24, 1929, complaining of jaundice, weakness, loss 
of weight and itching of the skin About two months previously, he had been 
informed that his face was yellow The jaundice had become progiessively deeper, 

-* Submitted for publication, Aug 13, 1930 
From the Medical Service and Stomach Study Group of Michael Reese 
Hospital and the Medical Service of the Cook County Hospital 

1 Hamberger, G E De ruptura mtestim duodem, Jena, 1746, Disputationes 
ad Historiam et Curationes Morborum, Albertus Halleius, 1757, vol 3, p 507 

2 Morgagni, G B De sedibus et causis morborum, Naples, 1761 

3 Bright, Richard Cases and Observations on Diseases of the Pancreas 
and Duodenum, Tr Med -Clnr Soc, London 18 1, 1832, Abdominal Tumors and 
Intumescence, London, The New Sydenham Society, 1860 

4 Chomel Cancer du duodenum, Gaz d hop 10 37 (Jan 24) 1852 

5 Caillet De quelques cas d’ictere mecamque dus au cancer de la deuxieme 
portion du duodenum, These de Paris, 1876 
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and m the past month it had been accompanied by itching The mine had become 
dark Occasionally, a hght-coloied stool had been passed During this period, 
the patient had lost 45 pounds (204 Kg) and had become weak The appetite 
had remained good Nausea, vomiting, abdominal distress constipation and diar- 
rhea had not been noted 

The past history was not significant The patient said that he had not had a 
syphilitic infection 

Examination — The patient was well developed, somewdiat emaciated and 
intensely jaundiced The pupils were unequal, they did not react to light but did 
react in accommodation The lner was enlarged, the edge being felt from 4 to 5 
cm below' the costal maigm It was smooth and firm, the edge was shaip and 
not tender An enlaiged, tense gallbladder could be felt The patellar and achilles 
reflexes w'ere absent 

Urinalysis show'ed a dark amber urine with a specific gravity of 1 020 The 
urine was acid, and showed a faint trace of albumin , sugar, 4+ , bile, 4+, and a 
few granular casts The stool was clay-colored and soft, and it contained no 
bile, blood or fat 

Examination of the blood showed hemoglobin 65 pei cent, red cells, 3,430,000 
per cubic millimeter , white cells, 8,300 , differential count polymorphonuclears, 
78 per cent, small lymphocytes 18 per cent, large lymphocytes, 4 per cent, sugar, 
250 Gm per hundred cubic centimeters , nonprotem nitrogen, 29 , icteric index, 
200 , the van den Bergh reaction, direct and indirect, very strong immediate 
positive 

An Ew'ald test meal was given The stomach contents showed free hydro- 
chloric acid, 34, total acidity, 56 lactic acid, 0, no blood The total amount of 
stomach contents obtained by the tube was 125 cc 

Examination of the spinal fluid showed color, transparent, yellow' , pressure, 
normal , lymphocytes 12 per cubic millimeter , globulin, 1 plus , Lange colloidal 
gold curve, 0123320000 Wassermann reaction, 4-f- 

Roentgen examination (reported by Dr R Arens) showed a defective bulbus 
duodeni There was a suggestion of a defect in pressure in the duodenal legion, 
but the obsenations w'ere not positive The primary roentgenograms showed a 
large, well defined shadow of the gallbladder 

Coui sc — \ low grade afternoon fever was present throughout the patient’s 
stay in the hospital Two w'eeks after admission, potassium iodide and mercurial 
rubs w'ere instituted as a therapeutic test, on the supposition that we might be 
dealing with a syphilitic cirrhosis Shortly aftei this treatment, the stools became 
dark and contained occult and fresh blood The patient commenced to vomit 
coffee-ground material He complained of dizziness The jaundice w r as becoming 
less intense, and the icteric index (132) was low'er than at the time of admission 
The gallbladder was less prominent and not as tense On the evening of July 10, 
he vomited 16 ounces of coffee-ground material containing a large clot of blood 
Examination of the blood showed 1200000 erythrocytes per cubic millimeter and 
35 per cent hemoglobin The patient expired ten hours later 

Diagnosis — The final diagnosis was carcinoma of the head of the pancreas 
with extension to the lner, duodenum and pylorus, erosion of a blood vessel and 
questionable tabes dorsalis 

Ncciopsy — Necropsy was performed by Dr O Saphir 

Gross Observation Gross examination showed that the stomach contained 
a large amount of partly clotted and partly liquid blood The duodenum show'ed 
a grayish, ragged, irregular, annular tumor The tumor extended throughout the 






920 


ARCHIVES OF INTERNAL MEDICINE 


mucosa, submucosa and muscularis and involved the head of the pancreas to some 
degree On cut section, it was grayish yellow, but showed a few greenish, more 
or less circumscribed regions The common duct opened into the midst of the 
tumor The papilla of Vater was completely destroyed The jejunum and 
remainder of the gastro-mtestmal tract contained a large amount of partly liquid 
and partly clotted blood The pancreas was bright jellow, soft and friable On 
cut section, hardly any pancreatic tissue could be made out The pancreatic duct 
was distended and filled with an almost clear liquid The liver was enlarged and 
rather soft and green There were a few small, circumscribed, yellow and umbili- 
cated nodules throughout the surface On cut section, they extended into the 



big 3 (case 1) — Photomicrograph, showing infiltration in the muscular layei 
and the new formation of glandular structures, as in figure 2 


tissue of the liver On cut section, the liver showed dilated central zones , the 
bile ducts were distended The gallbladder was maikedly distended, and contained 
a large amount of almost dear, slightly greemsh-tmged bile The hepatic and 
common ducts were dilated, measuring as much as 3 cm in diameter 

Microscopic Obser\ations The mucosa and submucosa of the duodenum 
showed a new formation of glandular structures which were lined by one or two 
layers of rather high cyhndric cells, these cells showed a marked variation in 
size, shape and staining quality Mitotic figures were frequent Some of the cells 
showed two or three nuclei Am infiltration in the muscular coats was seen in 
some fields The parenchyma of the pancreas was almost completely replaced by 
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a new formation of connective tissue which was nchly infiltrated with lymphocytes 
and endothelial cells Large numbers of islands of Langerhans were present The 
large ducts of the parenchyma w'ere distended 

Diagnosis — The following anatomic diagnosis was made primary carcinoma 
of the duodenum (papilla of Vater), with extension to the head of the pancreas 
and metastases to the liver, hemorrhage of the stomach and intestines, marked 
dilatation of the gallbladder and of the bile and pancieatic ducts, atrophy of the 
pancreas, jaundice, secondary anemia, healed endocauhtis of the mitral valve and 
pulmonaiy emphysema 



Fig 4 — Gross specimen of the duodenum showing the tumor mass in the 
region of the papilla 

We tepoit this case as one of pumaiy caicmoma of the duodenum, 
although objections might be laised because of the destiuction of the 
papilla However, theie was no malignant mfiltiation of the lemainmg 
poition of the duct While it is tiue that this is possible even though 
the tumoi is piimanly of the papilla, the annular mass m the duodenum 
lends moie favoi to the view that this condition is a pumaiy duodenal 
caicmoma The discussion of the pathology will emphasize the difficulty 
of diffeientiatmg between the two conditions 
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C\se 2 — Histoiy — J J, a colored man, aged 36, married, was admitted to the 
Cook County Hospital on Aug 9, 1929, complaining of pain in the stomach, 
jaundice, vomiting, clay-colored stools and a loss of 30 pounds (13 6 Kg ) Three 
weeks previously, a severe cutting pain localized in the epigastrium and associated 
with dizziness and faintness suddenly developed The intensity of the pain sub- 
sided somewhat within a few hours, but remained to the time of examination 
Shortly after the onset, the patient vomited, the character of the vomitus being 
unknown , vomiting had recurred after each meal Since this acute onset, clay- 
colored stools, jaundice, itching of the skin, constipation, frequent gaseous eructa- 



Fig 5 (case 2) — Gross specimen showing a tumor of the second part of the 
duodenum 


tions and occasionally fulness after eating had been noted The appetite had 
become poor, and within a period of three months the patient had lost 30 pounds 
(13 6 Kg) 

E lamination — -The patient was well developed and well nourished, and did not 
appear acutely ill The sclerae w'ere icteric There was slight tenderness and 
rigidity in the epigastrium, but no masses were palpable The blood pressure was 
210 systolic and 150 diastolic The urine contained bile The Wassermann test 
ga\e a negative reaction 
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Com sc — The patient complained of a gnawing sensation in the epigastrium 
which awakened him at night, it appeared soon after supper and was relieved by 
belching A mass was felt m the region of the gallbladder which appeared to be 
large, rounded and immobile Roentgenograms of the stomach and the duodenum 
weie normal Seven days after admission, the patient suddenly passed into coma, 
the only premonitory symptom being a headache 

Diagnosis — A tentative diagnosis of stones in the common duct, hypertension 
and cerebial hemorrhage on the left side was made 
Ncciopsy — Necropsy was performed by Dr Jaffe 

Gross Observations Gross examination revealed that the abdominal cavity 
contained about 100 cc of deep yellow, clear fluid, the liver was 6 cm below the 
xiphoid process and at the costal arch The second portion of the duodenum was 
greatly narrowed by a firm, circular mass that measured 4 5 cm in its longitudinal 
diameter and from 1 to 1 5 cm in thickness This mass extended downward to 
about 0 5 cm above the ampulla of Vater The lumen admitted the middle finger 
with difficulty The mucosa was thrown up into firm, light yellowish-pink folds 
The first portion of the duodenum was infiltrated by fine pinkish-gray granules 
The upper end of the infiltrated area was formed by the pjloric ring The lower- 
most part of the second portion showed a diffuse deep greenish-brown discoloration 
of the mucosa The liver weighed 1,770 Gm Its surface was smooth and yellow- 
ish brown with distinct dark purplish centers , its consistency was diminished On 
the cut surface it was grayish brown, mottled with yellowish brown There were 
distinct, fine, yellowish-gray, acinar markings , the intrahepatic bile ducts were 
markedly dilated and filled with thick green bile The gallbladder was distended 
about 11 by 7 cm , the mucosa was deep green and the bile a dark green The 
extrahepatic bile ducts were greatly dilated, the common duct admitted one finger 
easily, the ampulla of Yater was edematous and measured 6 mm in diameter and 
8 mm in height The pancreas was firm , the mam duct was diffusely dilated, 
reaching 12 mm m circumference in the region of the head, the lining was smooth 
and light grayish white, with a few bright red patches the size of a pinhead 

Microscopic Observations Microscopic examination showed that the tumor 
was very cellular, the cells being arranged m the form of cords and smaller and 
larger alveoli Here and there distinct glandular structures and nregulaily shaped 
tubuli lined by high epithelium were found The connective tissue septums con- 
tained large lipoid-filled histiocytes The type cell was cuboidal or polyhedral 
It had a slightly oxyphilic cytoplasm and a large round or oval nucleus, the 
chromatin of which was arranged in fine granules There was a small basophilic 
nucleolus Mitotic figures were numerous The liver showed marked dilatation of 
the intercellular bile capillaries in the central portions of the acini Thick casts 
ot bile filled the capillaries, and bile droplets were found in the liver cells and 
the enlarged Kupffer cells In the periphery of the acini, the liver cells were free 
from bile pigment and appeared well preserved, with occasional small lipoid gran- 
ules Much fat was seen in the Kupffer cells The periportal tissue was infil- 
trated by lymphocytes and eosinophilic leukocytes 

Diagnosis — The following anatomic diagnosis was made adenocarcinoma of 
the second portion of the duodenum with marked narrowing of the lumen, metas- 
tases to the peripancreatic, periaortic, mesenteric and left supraclavicular lymph 
nodes, edema of the papilla of Vater, marked dilatation of intrahepatic and extra- 
hepatic bile ducts and of the pancreatic duct, recent hemorrhage in the pons, per- 
forating into the fourth ventricle, recent encephalomalacia in the left globus 
pallidus , eccentric hypertrophy of the heart , moderate sclerosis of the coronary 




Fig 7 — Photomicrograph showing the tumor imading the submucosa 
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arteries and marked sclerosis of the cerebral arteries , marked icteric discoloration 
of the sclerae and internal organs, icteric nephrosis and arteriosclerosis of the 
kidneys, infectious softening of the spleen, hyperemia and edema of the lungs, 
slight ascites 

Case 3 — Histoiy — J M , a white man, aged 55, married, was admitted to the 
Cook County Hospital on Feb 10, 1929, complaining of epigastric pain, the loss of 
50 pounds (22 7 Kg ) and clay-colored stools The patient considered himself in 
excellent health until five months before admission, when transitory stabbing pain 
in the epigastrium had appeared after meals The pain had recurred until three 



Fig 8 — High power magnification of figure 6 Note the presence of several 
layers of lining cells and mitotic figures 


months previous to admission, when it became more severe, continuous and burn- 
ing Food seemed to intensify the pain, and as a result he was afraid to eat He 
was unable to sleep because of the intense pain Gaseous eructations became fre- 
quent and bothersome He was placed on a diet consisting of milk and crackers, 
and he was given “powders ” Though the belching was relieved, the pam was 
unaffected Six weeks previous to admission, nausea appeared and persisted to the 
time of admission The appetite became poor Three weeks previously, he had 
noted the appearance of clay-colored stools Swelling of the ankles had been 
present for one week He had lost 50 pounds (22 7 Kg ) in two months and had 
grown progressively weaker 
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The past history revealed that the patient had had influenza in 1919 His wife 
had had three miscarriages There were no children 

E lamination — The patient was well developed and emaciated, and he appeared 
quite ill The skin had a light icteric hue The sclerae were distinctly icteric 
The abdomen was distended, with a tender mass palpable just to the right of the 
midline below the costal margin of the gallbladder The edge of the liver was 
felt 2 cm below the costal margin and was not tender The other physical obser- 
vations were normal The blood pressure was 102 systolic and 68 diastolic 

The Wassermann reaction of the blood was negative Examination of the blood 
showed sugar, 136 , urea nitrogen, 17 3 , hemoglobin, 35 per cent , red cells, 
2,400,000, white cells, 16,200, polymorphonuclears neutrophils, 94 per cent, small 
lymphocytes, 6 per cent and platelets, normal 

The urine was normal, except for a trace of bile, the stools were dark brown 
with occult blood An Ewald test meal was given, after fifty-five minutes, the 
free hydrochloric acid was 34 and total acidity, 44 

A tentative diagnosis of carcinoma of the stomach with metastases to the 
liver, carcinoma of the bile ducts and carcinoma of the head of the pancreas was 
considered 

Com sc — Roentgenograms of the stomach and duodenum gave normal results 
The patient had a low grade fe\er continuously, the maximum temperature being 
100 8 F in the evening The jaundice increased On February 19, the icteiic 
index was 37 5, and the van den Bergh reaction was negative The patient giew 
progressively weaker The anemia increased, and the leukocytes rose to 20,400 
On the evening of February 21, he complained of sudden severe pam in the right 
hypochondrium radiating about the umbilicus , he died about nine hours later A 
diagnosis of caicinoma of the pancreas was made 

Aeciopsy — Necropsy was performed by Dr Jaffe 

Gross Observations Examination showed marked emaciation and anemia, and 
icterus of the skin, sclerae and mucous membranes The abdomen contained 2,000 
cc of cloud} light yellow fluid The stomach was dilated and filled with bile- 
stained material In the second portion of the duodenum, just below the papilla 
of Yater, there was a fungoid, soft, light gray mass, 5 cm in length and 6 5 cm 
in its transverse diameter, involving three fourths of the circumference of the 
duodenum and protruding about 10 mm into the lumen The common duct was 
greatly dilated being 4 cm m circumference The hepatic duct was 6 cm in 
circumference at the bifurcation, the cystic duct, 15 cm in circumference, and 
the pancreatic duct, 7 mm m circumference The edge of the liver was 3 cm 
belocv the xiphoid process and 2 cm below the costal arch The surface w r as 
studded with whitish hvaline plaques and yellowish-gray nodular elevations up to 
4 mm in diametei The cut surface was deep brown, the intrahepatic bile ducts 
w'ere dilated, being as much as 6 mm m diameter Smaller branches were trans- 
formed into anastomosing abscess-like ca\ dies filled with thick yellowish-green pus 
Microscopic Observations The tumor showed large, wide, irregular glands 
with papillary mfoldings that were lined by a high and markedly anaplastic colum- 
nar epithelium These glands extended throughout the duodenal wall, growing 
along the l}mph vessels There w r as an intensive inflammatory reaction in the 
form of leukocytic and plasmocellular infiltrations 

In the liver, the periportal tissue was much increased and contained dense 
accumulations of leukocvtes and large lipophages and cells filled with golden brown 
pigment granules Most of the cells of the liver appeared w>ell preserved, except 
for areas of compression where the cellular accumulations bordered on the 
parenchyma 
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Diagnosis — The following anatomic diagnosis was made medullan carcinoma 
of the second portion of the duodenum marked dilatation of the extrahepatic and 
intrahepatic bile ducts, and mtrahepatic purulent cholangeitis, diffuse serofibrinous 
peritonitis with chronic tumor of the spleen, brown atrophy and cloudy swelling 
of the liver and myocardium , serous atrophy of the epicardial fat tissue, bilateral 
hydrothorax and hydropencardium , hbrmous pleuritis of the right side and com- 
piession atelectasis of the right pulmonary lobe, confluent bronchopneumonia of 
the lower lobe of the left lung, cloudy swelling and cyst formation ot the kidneys 
decrease of lipoid content of the suprarenal cortex, icterus levis , inflammatorv 
hyperplasia of the peripancreatic and peribihary lymph nodes, aqueous and gaseous 
distention and edema of the intestines 

Case 4 — Histoiy — F O, a white man, aged 60, married, was admitted to the 
Cook County Hospital on June 9, 1927, complaining of indigestion, vomiting, loss 
of weight and weakness He had enjoyed perfect health until about seven months 
previously, when he had vomited two or three hours after a meal The vomitus 
was copious and green The vomiting recurred every two or three days for a 
period of ten weeks, and appeared about two horns after meals During this time 
the patient lost weight steadily and became weaker He had been under medical 
treatment for an ulcer during this time A gastro-enterostomv was performed 
later at one of the local hospitals, from which he was making an une\entful lecov- 
ery, until, “after the wiong tray,” pain suddenly developed in the umbilical region 
and lasted for about two hours He left the hospital and a short time later 
entered Cook County Hospital At this time, he had abdominal cramps that usu- 
ally appeared after meals and were relieved by enemas Throughout his illness, 
his appetite lemained good, yet he lost 50 pounds (22 7 Kg) Dyspnea had been 
present since the onset 

Examination — The patient was fairly well de\ eloped, but maikedly emaciated, ~ 
and appeared to be quite sick Tenderness and the suggestion of a mass in the 
epigastrium weie noted The stomach was dilated There were visible peristaltic 
waves, with audible gurgling sounds The ankles pitted on pressure The other 
observations were normal The urine was normal Examination of the blood 
gave normal results The Wassermann reaction was negative 

The following diagnosis W'as made pyloric obstruction due to a malignant 
condition or adhesions , ulcer at the site of enterostomy, and a malignant condition 
of the bowel 

Comse — The basal metabolic rate was plus 10 Roentgenograms showed 
‘30 per cent gastric retention the pyloric region appeared defective on the screen , 
the stomach was in a position too high to palpate satisfactorily The bulb was 
not well visualized Marked stasis, singing and dilatation of a peculiarly looped 
or ended duodenal curve including the first, second and part of the third portions 
was noted Suggestion of delay or impediment in the third portion of the duo- 
denum was piesumed” One horn after an Ewald meal was given, 230 cc of the 
stomach contents showed free hydrochloric acid, 5 , total acidity, IS Seven hours 
after a motor meal was given, 170 cc was obtained by tube , few remains of the 
meal were present The patient became progressively weaker and died on June 18 

Ncciopsy — Necropsy was performed by Dr Jaffe 

Gross Observations The stomach was moderately distended and adherent to 
the surrounding structures by adhesions A gastrojejunostomy had been performed 
The first portion of the duodenum was closed surgically At about 10 cm from 
the stump, there was an irregularly round opening, surrounded b\ a hemorrhagic, 
soft, fungating, slightly pedunculated area 2 bv 5 cm 
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Micioscopic Obsenations Microscopically, the tumor was a papillary adeno- 
carcinoma 

Diagnosis — The following anatomic diagnosis was reported by Dr Jaffe huge, 
ulcerating, perforated carcinoma of the third portion of the duodenum, secondary 
generalized fibrmopurulent peritonitis with bilateral subphremc abscesses , sero- 
fibrinous pleurisy of the left side, band of adhesions between the omentum and 
the laparotomy scar with partial strangulation of several small intestinal loops, 
ancient gastric resection with a functioning gastrojejunostomy, subacute splenic 
tumor, passive hyperemia of the lungs, atherosclerosis of the aorta and coronaries, 
chronic periappendicitis, moderate-sized adenoma of the prostate, diverticulum 
of the jejunum, multiple rectal polypi, icterus levis , anemia 

INCIDENCE 

In 1901, Rolleston G stated that piimaiy caicinoma of the duodenum 
is “decidedly rare” As lecently as 1926, Cabot 7 also lemarked that it 
is “veiy laie” Even consideiable \anation in this lespect, as shown 
paiticulaily m table 3, obviously is not beyond expectation, yet fioin a 
compilation of statistics appealing in the hteiatuie, some degiee of 
unanimity is appaient Pi unary duodenal carcinoma is found in fiom 
0 01 to 0 1 pei cent of all postmortem examinations with the common 
figuies being fiom 0 01 to 0 03 pei cent (table 1) Oui cases weie 
found among a total (Cook County ancl Michael Reese Hospitals) of 
10,876 necropsies, an incidence of 0 037 pei cent 

It one studies the relation of this lesion to caicmomas in geneial, 
one finds that fiom 0 04 to 11 pei cent aie in the duodenum, moie 
commonly fiom 0 2 to 0 4 pei cent (table 2) 

Of the i elation of duodenal caicinoma to intestinal caicmomas, 
much maj be said Wheieas as high an incidence as 26 per cent has 
been lepoited m the duodenums (Kohlei s ), its frequency is more com- 
monly quoted as being fiom 1 5 to 4 per cent, with a low maximum, 
5 7 per cent (Geiser 0 ) (table 3) It is known that caicinoma occuis 
fai less commonly in the small intestine than in the large Accoidmg 
to Brill’s 10 collected statistics (1904), only 2 5 per cent of intestinal 
caicmomas aie in the small bowel, the duodenum and the ileum being 
involved with equal fiequency Rolleston, 0 Bland-Sutton, 11 Jefferson 12 

6 Rolleston, H D Carcinomatous Stricture of the Duodenum, Lancet 1 
1121 (April 20) 1901 

7 Cabot, R Case Records, Boston M &. S J 194 267 (Feb 11) 1926 

8 Kohler, quoted by Forgue, E , and Chauvin, E Rev de clnr 50 470 
(Dec) 1915 

9 Geiser, J F Ueber Duodenalkrebs, Deutsche Ztschr f Clnr 86 41, 1906 

10 Brill, N E Primary Carcinoma of the Duodenum, Am J M Sc 128 
824, 1904 

11 Bland-Sutton, J On Cancer of the Duodenum and Small Intestine, Tr M 
Soc London 38 1 (Oct 12) 1914 

12 Jefferson, G Carcinoma of the Suprapapillary Duodenum Casually Asso- 
ciated with Preexisting Simple Ulcer Report of a Case, and an Appendix of 
Thirty Collected Cases, Brit J Surg 4 209 (Oct) 1916 
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Table 1 — Peicentagc of Cases of Pnmaiy Duodenal Caicmoma Found at 

Neci opsy 






930 


ARCHIJ ES OF INTERNAL MEDICINE 


and Deavei and Ravdin, 13 howevei, stated that the duodenum is the 
most common site foi caicmoma of the small intestine Brill 10 was 
able to find no instance of primal} jejunal caicmoma, but since his 
papei appeared its incidence has steady mci eased Lahey 14 in 1915, 
Jeffeison 12 in 1916 and Judd 1 - m 1919 leported on twenty-foui cases 
of caicmoma of the small intestine, they found eleven cases in the 
jejunum, five m the duodenum, six m the ileum and two with multiple 
involvement In 1925, Eustei man, Beikman and Swan 10 found fifteen 
of that} -nine caicinomas of the small intestine localized in the 
duodenum 

We endeavoied to study this lelationship fiom the clinical lecoids 
available at the Cook County Hospital As diagnostic critena we 
accepted the following (1) physical obseivations , only rectal oi 
pioctoscopic examinations weie consideied sufficiently accuiate, (2) 
loentgen examination showing an irregulai filling defect, in conjunc- 
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' Personal commumc ition with Dr Richard LiUend ihl, taken from his unpublished reports 


tion with occult blood in the stool, (3) the suigeon’s diagnosis based 
on the appeaiance at the time of opeiation, (4) biopsy lepoit, 
(5) postmodern examination Table 4 short s our obseivations 

Of 569 clin'cal cases of intestinal carcinoma, 3 weie located in the 
duodenum, piimanl), and 1 was at the duodenojejunal junction If 
we disiegaul the lattei the incidence in otu senes is 0 53 pei cent 

13 Deaver J B and Rat dm, I S Carcinoma of the Duodenum, Am J M 
Sc 159 469 (April) 1920 

14 Lahej, F H Care noma of the Small Intestine, Am J Surg 62 428 
(Oct ) 1915 

15 Judd, E S Carcinoma of the Small Intestine, Journal-Lancet 39 159 
(April 1) 1919 

16 Eusterman, G B Ikrkman, D M , and Swan T S Primary Carcinoma 
of the Duodenum Repoit >f Fifteen Verified Cases, Am J Surg 82 153 (July) 
1925 
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In addition to the cases pieviousiy cited and those in the tables, 
Rolleston, 0 Deavei and Ravdm, 1 ! Cabot, 7 Bibby and Stewait, 17 Head, !S 
Poinmay and Seille, 1J Jeffeison, 1 - Letulle, 20 Geisei, '' Skillet n, 21 Pauchet 
and Luquet 22 and Syme- J contnbnted lepoits of single instances 
Dewis and Morse 24 lecentl} repoited twelve cases 

EUOLOGY 

In the majonty of cases, duodenal carcinoma makes its appeal ence 
without any lecogmzable cause Males aie moie fiequenth attacked 
than females, the piedommance vai)ing with the authoi, the ratio 
being 3 1 accoidmg to Rolleston, 0 or 8 5 accoiding to Pic 23 All of 
our patients were males 

Duodenal caicmoma usually occuis in late middle and ad\anced hie, 
the aveiage age being 52 yeais The aveiage age of out patients was 
49, coriesponding with that of Forgue and Chauvin 20 It has been 
encounteied as early as 16 years (Ewald 27 ) and as late as 80 (Peny 
and Shaw 2S ) 

No racial piedilection is notable 

In an attempt to elucidate the pathogenesis of this condition, many 
theones have been propounded Geisei 0 suggested two theones 
1 The condition is caused by imitation, a fold of mucosa becomes 

17 Bibby, J P , and Stewart, M J Primary Carcinoma of the First Part 
of the Duodenum with Secondary Involvement of the Common Bile Duct, Lancet 
1 525 (Feb 21) 1914 

18 Plead, G D Primary Carcinoma of the Third Portion of the Duodenum, 
Am J M Sc 157 182 (Feb ) 1919 

19 Ponunay, S , and Seille Un cas de cancer de la quatrieme portion du 
duodenum, Ann d’anat path 2 141 (Maich) 1925 

20 Letulle, M Cancer colloide du duodenum developpe sur un ulcere simple, 
Bull Soc anat de Pans 72 721 (Oct) 1897 

21 Skillern, P G Cancer of the Duodenum, Pancreas and Pjlorus, Internat 
Clin 3 158, 1914 

22 Pauchet, V , and Luquet Cancer de la quatrieme portion du duodenum, 
Bull Acad de med , Paris 97 276 (March 1) 1927 

23 Syme, G A Carcinoma of the Duodenum , Resection , Recover} , Lancet 
1 148 (Jan 16) 1904 

24 Dewis, J W, and Morse, G W Primary Carcinoma of the Duodenum 
Report of Twelve Proved Cases, Summary of Literature, New England J Med 
198 383 (April 12) 1928 

25 Pic, A Contribution a I'etude du cancer prinntif du duodenum, Rev de 
med 14 1081 (Dec) 1894, 15 56 (Jan) 1895 

26 Forgue, E , and Chauvin, E Le cancer prinntif et mtrinseque du duo- 
denum, Rev de clnr 50 470 (Dec ) 1915 

27 Ewald, C A Em Fall von Atropine der Magenschleimhaut mit Verlust 
der Salzauresecretion Ulcus carcinomatosum duodenale, Berl khn Wchnschr 
23 527 (Aug 9) 1886 

28 Perry, E C, and Shaw, L E On Diseases ot the Duodenum, Guy’s 
Hosp Rep 50 171, 1893 
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chiomcally mitated by the duodenal contents 2 In the area contigu- 
ous to the papilla of Vatei, theie is a conflict of two types of epithelial 
cells, with a resultant proclivity to carcinomatous degeneration, which 
explains the gieatei fiequency of caicinoma at this pait of the 
duodenum Seveial piedisposing factois based on the anatomic lelations 
of the duodenum were discussed by Forgue and Chauvin 20 The projec- 
tion of the papilla into the lumen with irritation by food received con- 
sideration The fixation of the duodenum by the panetal peritoneum, 
the four flexures and the difficulty in adapting itself to the contents 
weie conceived as factors Likewise, the duodenum was said to be 
the most dilated poition of the small intestine and hence to favor stasis 
and consequent irritation 

Chronic duodenal ulcei has been thought by some writers and investi- 
gators to predispose to the development of caicinoma, and while this 
lelationslnp must be consideied, sub judicc , the consensus is negatory 
Peiry and Shaw 28 reported five cases (including one obseived by Sidney 
Coupland) pui ported to have developed on the basis of an ulcei 
Letulle 20 and Geisei ,J each reported a case Ewald, 27 Schrotter, 29 
Mackenzie °° and Eic’nhorst 31 reported single instances ( collected with 
Letulle’s by Nattan-Lairier 32 ) Jefferson 12 collected nineteen addi- 
tional cases appearing in the literature and added one of his own 
Aftei critically leviewing the clinical and pathologic accounts, we must 
conclude, as Jefteison did, that “some aie vei> doubtful” In 1900, 
Menetnei 33 investigated the relationship and concluded that a hyper- 
plastic cellulai leaction bordenng on adenomas was pioduced neai the 
ulcer and slowly de’i eloped into caicinoma One would expect, then, 
to find carcinoma more frequentl) in the fiist poition of the duodenum, 
the common site of ulcei, wheieas actually, the second portion is moie 
commonly involved Because of the lanty of ulcer-carcinoma and the 
uncertainty that suuounds any attempt to coi relate the two, it is oui 
belief that they may be coincidental 

By vntue of then nritation to the duodenum, gallstones have been 
mentioned as important in the explanation of the moie fiequent involve- 
ment of the second poition of the duodenum In this lespect, an 
mtei esting paiadoxical obseivation was noted in Geiser’s 9 study 
Although cholelithiasis occuis moie fiequently in women and ulcei 

29 Schrotter, L Aerztl Ber d k k allg Krankenh zu Wien, 1886, p 27 

30 Mackenzie, H W G Duodenal Ulcer , Obstruction of Common Bile-Duct, 
Jaundice, Malignant Disease of Liver, Intestinal and Cerebral Hemorrhage, St 
Thomas’s Hosp Rep 1890-1891 20 341, 1892 

31 Eichhorst, H L Handb d spez Path u Therap 2 234, 1890 

32 Nattan-Larrier Les cancers du duodenum, Gaz d hop 72 1291 (Dec 2) 
1899, 72 1311 (Dec 7) 1899 

33 Menetrier, quoted by Forgue and ChauVin (footnote 26) 
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moie often in men, caiunoma of the second poition of the duodenum 
occuiied moie fiequently in men and that of the hist poition moie 
frequently in women 

Syphilis has been consideied as a factoi, but although occulting 
in the case of Dewis and Moise 21 and Cuitis and Suimont “ and m 
case 1 of out gioup, it is piobably of no significance 

PATHOLOGY 

Caicmomas of the duodenum are most often pnmaiy in ongin 
They aie thought to arise from the mucosa, BiunneTs glands (Oith), 
abeirant panel eatic tissue (Cohnheim) 01 abeirant stomach tissue 
(McGune and Cornish 3 ') In commenting on then oiigm, Bland- 
Sutton lemaiked that any theoiies implicating abenant pancreatic tissue 
01 Biunnei’s glands “belong to the domain of fiction” 

Usually they aie cylindnc cell adenocarcinomas that have a tendency 
to encncle the duodenum, pioducmg stenosis with proximal dilatation, 
musculai hypeitrophy and chionic catanhal inflammation Some of 
them aie spheioidal cell adenocaicinomas, taking the foim of soft 
exciescences or of deep ulceis with elongated edges and fungated bases 
(Head is ), these being difficult to distinguish from carcinoma ansmg 
in the ampulla, pancreatic duct or panel eas They may be scirihous, 
medullaiy or colloid (Bull 10 ) They ulceiate fiequently and occasion- 
ally per f 01 ate, pioducmg peritonitis (case 4) Metastases appear late 
and aie found in the liver, regional lymph nodes, panel eas and lungs 
and less commonly in the peritoneum, gallbladder, supraclavicular glands 
(case 2) and bones Eichhoist 31 reported metastases to the bone 
mairow of the sternum Geiser 0 called attention to their tendency 
to pioduce metastases in the liver and legional ly mph nodes with com- 
piession of the common bile duct, theieby simulating caicinoma of the 
pancreas 

Pic 25 divided them into three types, namely (1) parapylonc 
(formesus-vatenenne), (2) penampullaiy and (3) piejejunal (foime 
sous-vaterienne) The most common type is the periampullary, the 
most infrequent, the prejejunal 

The parapyloric type usually encircles the duodenum, producing 
stenosis with pioximal dilatation, insufficiency of the pyloric ung and 
gastnc dilatation Its relation to peptic ulcer has already been discussed 
Momson and Feldman 36 reported an interesting case of pnmaiy para- 

34 Curtis, F, and Surmont, H Cancer duo pylore d’origme duodenale chez 
un syphilitique, Arch d mal de l’app digestif 13 24 (Jan ) 1923 

35 McGuire, E R , and Cornish, P G Carcinoma of the Duodenum, Am 
J Surg 72 600 (Nov ) 1930 

36 Morrison, T H , and Feldman, M Autopsy Report of a Case of Pri- 
mary Carcinoma in a Duodenal Diverticulum Am J Clin Med 5 326 (Oct ) 1926 
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pyloric carcinoma that arose in a diverticulum and metastasized to the 
h\er They stated that this is the only case in the htertaure No 
additional accounts have appeared since theirs 

The periampullary type usually arises in or about the papilla as 
an infiltration about the size of a walnut or cheiry, it tends to encircle 
and extend along the duodenum (Nothnagel 37 ) It is difficult to differ- 
entiate this type fiom carcinoma of the ampulla (case 1) The latter, 
however, is shaiply circumscribed about the papilla (Nothnagel 37 ) 
Attention is called to the difficulty of recognition of the true primary 
ongin of caicmoma of the second poition of the duodenum by histo- 
logic examination The papilla that may be the site of a primary tumor 
may reveal histologic eudence of carcinoma along the duct, but this may 
tail to aid in differentiation Geisei made the point that a lesion origi- 
nating from the papilla may show caicmomatous changes along the 
lumen of the duct, but e\en this ib not pobitne for the duct may be 
secondanh imolved from the primal \ duodenal lesion Obstruction to 
the flow ot biliaiy and pancreatic juices is produced, leading to dilatation 
of the bile ducts and capillaries, distention ol the gallbladdei, increase 
m the size of the lnei with subsequent increase in connectne tissue 
and cirrhosis dilatation of the pancreatic ducts and pancreatic atrophy 
(case 1) With ulceration of the tumor, the resultant signs and symp- 
toms of biliary obstruction and pancreatic disease disappear (case 1) 
Occasionally, death may follow erosion of the blood vessel (case 1) 
In other cases infection develops in the biliary tract, which leads to 
a suppurative cholangeitis with intiahepatic abscesses (case 3) 

The prejejunal ioim is most otten broad, flat and ulcerated 
Stenosis develops, with dilatation of the pioxunal segments, namely, 
the duodenum, the p\lonc ring and the stomach 

"A MPTOMS 

The onset of the condition ib vanable It may be sudden or 
insidious Most commonly, it manifests itself by the appearance of 
nausea, progressive loss ot appetite and w r eight, gaseous eructations, 
heartburn, jaundice or epigastnc chscomfoit (fulness oi dull pain), 
which usually occurs two oi three hours after meals and is relieved 
by the use of soda or by vomiting Sometimes the patient’s attention is 
first arrested by r the perception of a tumor mass in the epigastrium, the 
right hypochondrium or the umbilical region At othei times hema- 
temesis is the first symptom Raiely, piogressive asthenia, emaciation 
and swelling of the abdomen from ascites are first noted 

37 Nothnagel, quoted by Ewing, J Neoplastic Diseases, Philadelphia, W B 
Saunders Company, 1919, p 641 
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With the pi ogress of the disease, pain usually becomes moie piomi- 
nent It may be burning or intei mittent and ciamphke, it usually 
appeals in the epigastuum or the light hypochondi mm two 01 tlnee 
houis attei meals and is leheved by vomiting Yet theie may be no 
1 elation to meals This pam has been explained in various ways, namely, 

(1) contraction of the stomach or intestine against an obstiuction, 

(2) compiession of the celiac axis by the tumor, (3) distention of the 
livei or gallbladder fiom biliary stasis 

Vomiting appeals with the development of the obstiuction At hist 
it is noted fiom the one-half to one hour after eating Later, it occuis 
immediately after eating Still later, it becomes less frequent, that is, 
once daily, but is abundant Ultimately, owing to the ulceration of the 
tumoi and lelief from the obstruction, it may cease Repeated vomiting 
lesults in an increased thirst, oliguiesis and dehydration 

Jaundice, a common symptom, usually increases in intensity It is 
due to an obstruction at the ampulla of Vatei by the tumoi or by 
edema of the papilla, to hepatic metastases or to compiession of the 
common bile duct by the lymph nodes However, it may become intei - 
mittent, consequent to ulceration of the tumor 

Constipation is common, owing either to piogressive intestinal 
obstruction oi to lecurr ent vomiting At times it may alternate with 
diarrhea The stools may be clay-colored, black oi normal 

Fever is usually absent until late, when it is often due to ulceration 
of the tumor 

In some lespects the clinical picture varies with the part of the 
duodenum affected The parapylouc type usually does not produce 
icteius It simulates pyloric obstruction so closely that it is almost 
impossible to differentiate the two conditions The prejejunal type 
diffeis fiom the parapylonc by the presence of bile and pancreatic fer- 
ments in the vomitus, the diffeientiation having been first made by 
Chomel 4 Pommay and Seille 10 pointed out the longer latent period 
during which geneial symptoms of malignancy dominate The pen- 
ampullary type simulates the parapylonc when the tumor is located 
above the papilla, and the prejejunal when the tumor is below the papilla 
When the tumor is located at the papilla, a progiessive, painless, obstruc- 
tive and sometimes intermittent jaundice results, with few if any 
gastro-mtestmal symptoms Biliary and pancreatic obstruction, ascend- 
ing cholangeitis and hepatic abscesses are more likely to develop here. 
In the event of panel eatic obstiuction, the stools become large, pale, 
fatty and offensive 

PHYSICAL EXAMINATION 

Our attention was directed to the pallor and emaciation and, in 
instances of recurrent vomiting, to the dehydration Icterus is com- 
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monly piesent The abdomen is flat and soft, epigastnc distention is 
lately detected Penstaltic waves may be visible acioss the uppei 
part of the abdomen, and sometimes the outlines of a dilated stomach 
and duodenum may be seen or percussed Frequently, a tumor mass 
may be telt, and while it is usually located in the epigastnum to the 
light of the nudline, it may be found in the right hypochondrium 01 
m the region of the umbilicus The tumor mass is hard, irregulai and, 
hen paiapylonc, mobile The periampullai y and prejejunal forms 
show little if any mobility The gallbladder is usually distended, tense 
and easily^ delimited The hvei is commonly enlarged, firm, smooth 
and not tender Enlaiged supi aclavicular glands aie occasionally found 
In the advanced stages, ascites, metastatic pentoneal implantations and 
a nodulai liver may be levealed Gastric succussion is sometimes 
elicited 

LABOR UORl OBSERVATIONS 

In a laige piopoition of cases, the contents of the stomach show 
a diminution 01 absence of fiee hydrochlonc acid Sometimes the 
gastric acidity is normal It is not common to find blood, except in 
advanced cases with malignant ulceiation associated with insufficiency 
of the pylorus Of the greatest diagnostic import is the presence of 
bile and trypsin in all cases of obstruction below the papilla Gastnc 
letention is encounteied in the later stages of all duodenal carcinomas 
The stools vaiy in chaiactei, depending on the presence or absence 
of ampullaiy obstiuction In the loimer, they aie acholic, and with 
the progiess of panel eatic degeneiation they become offensive and 
bulky, with undigested meat fibers and staich and an excess ot neutral 
fats Occult blood is found m all of them 

I he mine contains an inci eased amount of indican and creatinine 
Bile is detected in cases of biliaiy obstiuction, with pancreatic changes 
dextrose may be found 

The blood shows varying degiecs of anemia, with a greatei deciease 
in the hemoglobin content as tompaied with the eiy'thiocytic count, 
whereas leukocydosis is common as pait of the pictuie of anemia, a 
further mciease may be noted the lesult ot malignant ulceiation The 
differential formula shows an increase in polymiorphonucleai neutiophils 
Hyperglycemia may be piesmit and it is usually^ associated with 
advanced pancreatic changes In instances of repeated vomiting, eleva- 
tion in the carbon dioxide-combining powei and lowering of the 
chlorides may be demonstrated t alkalosis) The blood mea is 
inci eased 


ROENTGEN EXAMINATION 


The site of the malignant piocess is levealed, and if the piocess 
has ad\ anced to the point of pioducing stenosis, proximal dilatation 
of the duodenum and stomach and gastric hypomotihty may be obseived 
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monly present The abdomen is flat and soft, epigastric distention is 
laiely detected Penstaltic waves may be visible acioss the uppei 
part of the abdomen, and sometimes the outlines of a dilated stomach 
and duodenum may be seen or pei cussed Frequently, a tumor mass 
may be felt, and while it is usually located in the epigastrium to the 
light of the midhne, it may be found m the right hypochondnum 01 
m the region of the umbilicus The tumor mass is hard, irregular and, 
when paiapylonc, mobile The periampullaiy and prejejunal forms 
show little if any mobilit} The gallbladdei is usually distended, tense 
and easily delimited The liver is commonly enlarged, firm, smooth 
and not tender Enlaiged supraclavicular glands are occasionally found 
In the advanced stages, ascites, metastatic pentoneal implantations and 
a nodulai livei may be levealed Gastnc succussion is sometimes 
elicited 

LABORAIORY OBSERVATIONS 

In a laige propoition of cases, the contents of the stomach show 
a diminution 01 absence of fiee hydiochloric acid Sometimes the 
gastric acidity is noimal It is not common to find blood, except m 
advanced cases with malignant ulceiation associated with insufficiency 
of the pyloius Of the greatest diagnostic import is the presence of 
bile and trypsin in all cases of obstruction below the papilla Gastnc 
letention is encounteied in the later stages of all duodenal carcinomas 

The stools a ary in character, depending on the presence or absence 
of ampullaiy obstruction In the foimer they aie acholic and with 
the progress of panel eatic degeneration they become offensive and 
bulky, Avith undigested meat fibeis and staich and an excess of neutial 
fats Occult blood is found in all of them 

The urine contains an increased amount of mdican and creatinine 
Bile is detected m cases of bihaiy obstruction, with pancreatic changes 
dextrose may be found 

The blood shows A r ar)ing degiees of anemia, with a greater deciease 
m the hemoglobin content as compared ivith the ei} throcytic count 
whereas leukocytosis is common as part of the picture of anemia, a 
further increase may be noted, the result of malignant ulceration The 
differential formula shows an increase m polymorphonuclear neutrophils 
Hyperglycemia may be present, and it is usually associated A\ith 
advanced pancreatic changes In instances of lepeated vomiting, eleva- 
tion in the carbon dioxide-combming poiver and lowering of the 
chlorides may be demonstrated (alkalosis) The blood urea is 
mci eased 

ROENTGEN EXAMINATION 

The site of the malignant process is revealed, and if the piocess 
has adianced to the point of producing stenosis, proximal dilatation 
of the duodenum and stomach and gastric hypomotihty mav be observed 



MEYER-RO SUN BERG— CARCINOMA OF Db ODER DM 


937 


COMPLICATIONS 

Seconclaiy growths aie common m the late stages especialh in the 
liver, regional lymph nodes and adjacent stiuctuies Ascites may 
develop from peritoneal carcinosis Forgue and Chauvm 20 lefeired 
to the occurrence of a duodenocohc fistula that resulted from adhesions 
to the colon and pioduced dianhea 

Geisei ’’ obsened a case of compression of the uietei with hjdio- 
neplnosis Often a suppuiative cholangeitis with mtrahepatic abscesses 
and empyema of the gallbladder is seen in the teimmal stages The 
pmnaiy growth may ulceiate, perforate and produce a peritonitis 
(case 4) with subphremc, retiopentoneal 01 pen-intestinal abscesses 
Phlebitis of the portal vein, the inferior vena cava, the iliac and the 
hypogastnc and femoral veins, with corresponding ascites or edema of 
the lower extremities, or both, has been reported A sudden severe 
hemonhage with hematemesis and melena fiom eiosion of a laige 
vessel may teiminate the picture (case 1) 

COURSE 

The couise is usually chiomc, lasting from thiee to eighteen months, 
the aveiage being seven months after the first appearance of symptoms 
The anemia, asthenia, emaciation and cachexia progressively increase, 
commonly, oft-repeated vomiting eventuates Death has been known 
to occui m a few days, raiely later than after two months, in the cases 
m which theie is severe vomiting and in which surgical intervention 
is not attempted Death may be the result of great emaciation and 
giadual exhaustion, mtercurrent infection, especially bionchopneumonia, 
peritoneal complications or hemorrhage 

DIAGNOSIS 

Ihe diagnosis is most difficult Geiser 0 said that the diagnosis of 
the paiapyloric type has not been made by ph) sical examination Owing 
to the rarity of carcinoma of the duodenum, it is seldom suspected A 
person who is well past middle age and who gives a history of epigastuc 
distress of relatively short duration is more apt to be suspected of having 
a carcinoma of the stomach than a carcinoma of the duodenum Foreue 
and Chauvm 26 noted that in only two of forty-five cases was the true 
diagnosis suspected The absence of a distinctive symptom-complex 
is probably equally important as a cause, for failure m diagnosis Such 
symptoms as pam in the epigastrium aftei meals, vomiting and other 
evidence of retention speak for stenosis — pjloric or duodenal The 
presence of greatei mobility of the duodenum than of the pylorus is 
of little value in differentiating parapyloric duodenal carcinoma from 
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caicmoma of the pyloius The claim of some that fiee hydrochloric 
acid is present m the gastric contents in cases of paiapylonc carcinoma 
(duodenal) as conti asted with achlorhydna in carcinoma of the pyloius 
(gastric) is disputed hy Geiser who asserted that paiapylonc carcinoma 
(duodenal) becomes noticeable only when it has resulted in gastric 
dilatation, and by that time the gastnc acidity is nil, as in caicmoma of 
the pylorus 

The penampullar type of duodenal carcinoma, which is the most 
common form, causes even gi eater difficulties m diagnosis The gradual 
development of a symptom-complex, such as piogressive jaundice, 
enlargement of the gallbladder, vomiting, acholic stools and the absence 
of tiyptic digestion, makes the diftei entiation from carcinoma of the 
head of the panel eas impossible In such cases, loentgen evidence is 
also of little aid , gallstones are probably easily differentiated, but such 
conditions as carcinoma of the papilla, carcinoma of the gallbladdei and 
chionic interstitial pancreatitis can be diagnosed with certainty only 
at operation and on histologic examination Of some clinical value 
may be the fact that carcinoma of the biliary tiact, as well as carcinoma 
of the papilla, tends to pioduce early metastases, vdrereas the pen- 
ampullar type of duodenal caicmoma pioduces metastases late Caicm- 
oma of the papilla is moie likel) to be associated with an intei mittent 
jaundice, while in caicmoma of the duodenum the jaundice is of the 
obstructive tjpe and diminishes onl} with extensive ulceration of the 
tumor 

The prejejunal \anety of duodenal caicmoma is marked by gastnc 
dilatation, a vai lability in gastric acidity, associated piesence of bile and 
pancreatic juices and tnpsin in the gastric contents Attacks of acute 
abdominal pam and severe vomiting aie not uncommon The foiegomg 
symptomatology calls for the differentiation fiom carcinoma of the 
jejunum and caicmoma of the pylorus (stomach) The loentgen lays 
should be of value in differentiating definitely fiom the latter Furthei, 
free hydiochlonc acid is moie likely to be present in the prejejunal 
type of duodenal caicmoma than in caicmoma of the pyloius In 
carcinoma of the pjloius theie is usually no bile, trypsin 01 panel eatic 
juice Occasionally in carcinoma of the pylorus with insufficiency of the 
pyloric ring, there is a leguigitation of bile and panel eatic juice 
(Geiser 0 ), thus making the differentiation fiom piejejunal caicmoma 
most difficult 

The absence of marked abdominal distention, associated with a 
symptom-complex of intestinal obstiuction, points with gieatei pioba- 
bility to a lesion being located in the small than m the large bowel 
Likewise, the vomiting of feculent matenal is ascribed by Geiser 0 as 
being more likely in the jejunum than m the duodenum 
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It is impoitant to beai m mind the possible confusion of caicmoma 
of the duodenum with an ulcer of the duodenum m veiv old peisons 
This is especially tiue in duodenal ulcer with ohstiuction Like caicm- 
oma of the stomach, caicmoma of the duodenum has a histoiy of 
lelatively shoit duiation It is not an uncommon expeiience to obsene 
acute ulcers of the duodenum m peisons past 50 or 60 )eais of age 
Some of these, it is tiue, aie not acute, but have a chionic histoi) 
In an analysis of thiit) -eight cases of duodenal ulcei 38 in peisons 
past 50, the following data weie noted lelative to duiation In eleven 
cases, the duiation was from ten to seventeen yeais, m six cases, fiom 
two to five yeais, in seven cases, fiom one month to one yeai , in nine 
cases, fiom two to nine weeks, in thiee cases, no definite histoiy, and in 
one, twenty-six yeais The occurrence in sixteen instances of duodenal 
ulcer m persons past 50 with a histoiy of duiation vaiying fiom two 
weeks to one year is significant enough to dnect attention to the possi- 
bility of a malignant piocess The geneial tendency of the clinician is to 
legard the peison past middle age with a histoiy indicating ulcei as 
having either a gastric ulcer oi a gastnc caicmoma While these are 
unquestionably the most likely possibilities, some of the cases may 
piove to be duodenal carcinoma (case 4) 

While lecogmzmg the difficulty of diagnosis of duodenal caicmoma 
both clinically and histologically, we raise the question whether careful 
study may not reveal an mci easing number of duodenal carcinomas 
Analogous to this is the now well lecogmzed fact that the majonty of 
the so-called pyloric stenoses are on the duodenal side It is also intei - 
estmg to note the caieful studies of Nagel, 39 who reported slight involve- 
ment of the duodenum in five of fourteen cases of cancel of the pyloius 
Lest we be misundei stood, we wish to emphasize the difficulties of 
definite diagnosis of primary carcinoma of the duodenum and the 
necessity of careful, critical, histologic study of all tissues Thus m a 
leview of the cases at Michael Reese Hospital, we encounteied one case 
which on histologic examination showed malignant mfiltiation of a 
duodenal scar The gioss impression of the pathologist was that of an 
old scar fiom an ulcer Histologic examination of the mfiltiated seal 
levealed definite evidence of carcinoma The pathologist was of the 
opinion that the mother tissue was that of the gallbladder The liver 
and bile passages showed no evidence of carcinoma We cite this 
instance, because it shows the necessity of the histologic study of scars, 
and also because it emphasizes that the malignant piocess, though m 

38 From the Stomach Study Group of the Michael Reese Hospital 

39 Nagel, G W Unusual Conditions in the Duodenum and Their Significance, 
Arch Surg 11 529 (Oct) 1925 
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the scar, may not be primal y in the duodenum We likewise direct 
attention to the fact that resection is the method of treatment for 
duodenal ulcer m relatively few clinics We are of the opinion that if 
this piocedure is followed and a gi eater number of scars of duodenal 
ulcers aie subjected to histologic study, the incidence of duodenal cai- 
cmoma may be found to be gi eater 

In like manner, we question whethei a ceitam numbei of cases that 
aie diagnosed at operation as carcinoma of the head of the pancreas 
and that are not followed by later careful histologic study may not 
have then origin as a pi unary duodenal caicmoma It occuis to us 
that m well advanced cases of primaiy duodenal carcinoma in which 
it is so difficult to determine the primary focus it is conceivable that 
the traditional rarity of a duodenal carcinoma directs the examiner’s 
nnnd away from the duodenum, and therefore the diagnosis is that of a 
primary lesion in the adjacent structures, such as the pancreas, the 
papilla or the gallbladder 

TREATMENT 

Medical treatment can be of little value except so far as it may be 
duected toward symptomatic relief As metastases do not appear until 
late, suigical intervention is advocated as the method of predilection 
The type of opeiation, however, will depend on the presence or absence 
of jaundice or metastases In instances without the aforementioned 
complications, wide excision *s recommended Syme 23 resected a 
caicmoma of the third portion of the duodenum, the patient was m 
good condition when seen one month latei Pauchet and Luquet 22 
resected the fouith portion of the duodenum foi carcinoma This 
patient was able to resume his daily labors a short time later Dewis 
and Morse 24 reported a case m which a posterioi gastrojejunostomy 
was pei formed for suspected nonmahgnant duodenal ulcei Two and 
a half months later, the ulcer was considered malignant, and a wide 
resection was peifonned The patient was alive and well one yeai 
and five and a half months aftei the first admission With the develop- 
ment of metastases, or if the general condition is too poor to permit 
i esection, a palliative posterior gastro-enterostomy should be pei formed 
When duodenal caicinomas are associated with jaundice, such as in the 
periampullary form, they are best treated by preliminary cholecysto- 
gastrostomy, duodenostomy or entei ostomy, followed later by eithei 
posterior gastro-entei ostomy or resection, depending on the exigencies 
of the cases 

For discussion and descriptions of the technic involved in surgical 
intervention in the periampullary form, the excellent papeis of 
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Halsted , 40 Ma\o 11 Kausch 1J Letus 4-5 Abell 44 and Cohen and Colp 4 * 
aie mentioned 

CONCLUSION'S 

Foui cases of pi unary carcinoma of the duodenum aie lepoitcd 
Emphasis is placed on the difficulty of clinical lecognition and of the 
necessity of caiefull) stud) mg, chmcalh as well as histologicall) , all 
cases of duodenal stenosis A cutical anal) sis mat re\eal a gieatei 
incidence of pnmaiy duodenal caicmomas 

55 East Washington Street 


40 Halsted, W S Contributions to the Surgery of the Bile Passages, Espe- 
cially of the Common Bile Duct, Boston M &. S J 141 645, 1899 

41 Mayo, W J Cancer of the Common Bile Duct Report of a Case of 
Carcinoma of the Duodenal End of the Common Duct with Successful Excision, 
St Paul M J 3 374, 1901 

42 Kausch, W Die Resektion des mittleren Duodenum Eine tvpische 
Operation, Zentralbl f Clnr 36 1350, 1909 Das Karzinon der Papilla duodem 
und seine Radikale Eutferung, Beitr / klm Clnr 78 439 (May) 1912 

43 Lewis, R N Cancer of the Ampulla of Vater, Surg Gwiec Obst 32 543 
(June) 1921 

44 Abell, I Carcinoma of the Papilla of Vater, South M J 17 24 (Jan ) 
1924 

45 Cohen, I , and Colp, R Cancer of Periampullary Region of Duodenum, 
Surg Gynec Obst 45 332 (Sept ) 1927 



ACUTE ISOLATED MYOCARDITIS 


WITH REPORT OF A CASE * 

CLARENCE E DE LA CHAPELLE, MD 

AND 

IRVING GRAEF, MD 

NFW \ORIC 

Recently, Scott and Saphu 1 lepoited two cases of acute isolated 
myocaiditis, which were the hist to be recorded in the Amencan litera- 
ture They mentioned the repoits of thirty-six other cases with post- 
mortem observations recoided in the Continental literature since 1888, 
when Steffen 2 described two cases of acute myocarditis which piobably 
fall into this classification Fiedler, 3 howevei, in 1890 was the first to 
give a cleai descnption of the disease, and it is his name that has seived 
as an eponym since 

There aie many synonyms in use in labeling this type of lesion A 
few of the teims used by pievious authois are “interstitial” “circum- 
scnbed,” “diffuse,” “isolated,” “idiopathic” and “pnmaiy,” singly or in 
combination The terms refer to an lnflammatoiy lesion of the myocai- 
dium alone, which is associated with a distinctive clinical and pathologic 
pictui e 

Sellentm 4 was the first to name the disease isolated myocarditis 
because, as a lule, changes aie not found in other parts of the heart oi 
in other oigans 

It has been noted by piactically all authors that the outstanding 
clinical featuie is progiessive myocauhal insufficiency which may be 
lapid or giadual The striking feature m most of the cases has been 
the lack of association with antecedent infectious diseases, valvular heart 
disease or hypertension 

Thirty of the previously lecouled cases weie tabulated by Scott and 
Saphir 1 Of these, ten occuired in males and thirteen in females, the 
authois added their two cases to the male group Infoimation as to the 

Submitted for publication, Sept 20, 1930 

"From the Third (New York Umversitj ) Medical Division and the Patho- 
logical Laboratories, Bellevue Hospital 

1 Scott, R W , and Saphir, Otto Acute Isolated Myocarditis, Am Heart 
J 5 129 (Dec) 1929 

2 Steffen, A Zur akuten Myokarditis, Jahrb f Kinderh 27 223, 1888 

3 Fiedler, A Ueber akute interstitielle Myokarditis, Centralbl f inn Med 

21 212, 1900 

4 Sellentm, L Akute isolierte interstitielle Myokarditis, Ztschr f klin Med 
56 298, 1904 
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sex of the other seven patients was not a\ailable Incidence as to age 
in then table indicates a distubution from the hist to the eighth decades 
Ten, oi moie than one third of all of the cases pieviousl} lecoided with 
data on the age of the patients (total twent) -eight, including the two 
cases lepoited by Scott and Saphu), occurred m the thud decade 

Evidence of the common infections lecogmzed as the usual cause of 
heait disease was lacking m most of the cases, and a cleaily defined 
etiologic agent has not been demonstrated to the present time Howe\ ei 
some authois associated the changes found with ceitam infections e g , 
influenza, carbuncles, gonoirheal urethutis, pneumonia, infected 
wounds, cellulitis and rheumatism Two cases weie associated with 
bui ns 

Neciopsy obseivations m most of the cases have levealed enlarge- 
ment of the heait, with maiked dilatation of the chambeis The muscle 
of the heait has been vanously desenbed as pale, swollen and soft, some- 
times as friable, with lriegular stieaks and spots vaiying in size and 
color scatteied throughout An cbseivation common to all has been the 
absence of pencardial and endocaidial lesions Jntiacaidiac mural 
thiombi ha\e been found frequently 

Gallavai dm lecently added anothei case to the hteratuie He 
obseived piogressive myocaidial insufficiency, associated with idiopathic 
caidiac enlargement without signs of valvulai disease, in a white woman, 
37 yeais old The patient’s history was not nnpoitant The clinical 
couise lasted six months, and the diagnosis of subacute pi unary mvo- 
caiditis was made before death At necrops) the heait was enlaiged, 
more dilated than hypertiophied, and weighed 420 Gm On section, 
theie were chaiactenstic changes with consideiable fibiosis confined to 
the wall of the left ventncle Histologic changes were similar to the 
recoi ded obser\ ations 

The fust histologic descnption was made by Schmoil, 0 who 
examined Fiedlei’s cases Micioscopically, all authois gave the descnp- 
tion of diffuse mfiltiation of the myocardium with cellular elements of 
diffeient types Some noted chiefly polymoiphonuclear leukocytes, occa- 
sional lound cells and a few eosinophils In Ins case, Saltykow 5 6 7 
desenbed the infiltration as consisting of polymoiphonuclear leukocytes, 
lymphocytes, fibi oblasts, plasma cells, mast cells, wandering endothelial 
cells and eosinophils, as well as cells that he thought weie degenerating 
forms of muscle cells The lattei weie also found foinnng giant cells 

5 Gallavardm, L, and Gravier, L Un nomeau cas de mvocardite subaigue 
prinutne a lesions interstitielles, Arch d mal du cccur 22 379, 1929 

6 Schmorl, L, in discussion of Aschoff, L Verhandl d deutsch path 
Gesellsch 8 46, 1904 

7 Saltykow, S Ueber diffuse Mjokarditis, Virchows Arch f path Anat 
182 1 , 1905 
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Aschoff® recorded a case that he felt was of lheumatic oiigm combined 
with some othei agent Aschoff’s case showed eosinophils, plasma cells, 
lymphocytes and a few fibroblasts, with slight neciosis of the muscle 
fibers Other authois described other histologic pictuies All agreed 
that the pumaiy changes are in the mteistitial tissues, the paienchyma 
being inconstantly involved Gallavaidin 5 called attention to the pos- 
sibility that the mteistitial lesions aie secondary to paienchymal necrosis, 
and indicated that the teim “mteistitial” refeis to the end-stage of the 
lesion 

The following case is lepoited to add another example of what 
appears to be Fiedlei’s myocaiditis to the small gioup alieady lecorded 

REPORT Or CASE 

History — A M, a white man, aged 21, born in Argentina, a laborer, was 
admitted to Belle\ue Hospital, Third (New York University) Medical Division, 
on Jan 25, 1930, complaining of pain in the chest and dyspnea of about two weeks’ 
duration His family history was irrelevant He did not recall having had any 
of the diseases of childhood He had had frequent colds, but at no time had he 
had polyarthritis He said that he had not had venereal disease 

In May, 1929, while riding a bicjcle, the patient suddenly and without pre- 
monitory symptoms fell (unconscious ? ) He was removed to a hospital, where it 
was found that he had hemiplegia A diagnosis of hysteria was also made In 
this hospital, Wassermann tests of the blood and spinal fluid were reported to be 
negative , the colloidal gold curve was also negative Other laboratory tests also 
gave negative results On discharge four days later, he was able to use his left 
arm and leg to a slight extent His condition improved gradually, and by August 
he was practically normal, except for slight weakness of the left hand 

About Jan 1, 1930, the patient began to cough he consulted a physician who 
gave him medicine and instructions to return in a week The cough grew' pro- 
gressively worse During the second w'eek of the illness, he expectorated bloodv 
sputum and began to experience pain m the low'er right side of the chest At this 
time he noticed shortness of breath on slight exertion He returned to his physi- 
cian, who strapped his chest The cough, blood-tinged sputum, shortness of breath, 
pain in the chest and weakness persisted, and the patient w'ent to bed After a 
week the patient entered Bellevue Hospital because of continued dyspnea and pain 
m the chest At the time of admission, the productive cough had practically dis- 
appeared He had not felt feverish, lost weight, sustained a chill or experienced 
night sweats at any time during lus illness, but he had noticed swelling of his 
feet during the week previous to admission 

Examination — The patient appeared to be chronically ill, but w'ell nourished 
He w'as slightly dyspneic and orthopneic, and he had a cafe-au-lait color There 
was cyanosis of the lips and finger tips His pupils reacted to light and in accom- 
modation No petechiae were seen in the conjunctivae , the sclerae were icteroid, 
the fundi oculi presented the slate appearance of cyanosis , the retinal vessels w'ere 
normal, and there was no evidence of hemorrhages or exudates The pharvnx and 
tonsils were hyperemic, but no pus could be expressed from the latter The 

8 Aschoff L Zur Mvokarditisfrage, Yerhandl d deutsch path Gesellsch 
8 46, 1904 
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tonsillar lymph nodes were palpable on the right side The teeth were in lair 
condition The thyroid was not visible or palpable There was no clubbing ot 
the fingers 

Examination of the heart ie\ealed pulsating eeins m the neck one of the 
superficial veins of the left arm could be seen to pulsate The apical beat of the 
heart was visible and palpable m the sixth space, 14 cm from the median line, 
which point was at the anterior axillary line A 2 meter roentgenogram of the 
heart, taken five days after admission, showed marked enlargement in the trans- 
\erse and long diameters The first sound at the apex of the heart was of poor 
muscular quality, the sounds at the base were faintly audible The rhythm was 
regular, the rate was 92 a minute, and the radial pulse was small The systolic 
blood pressure W'as 105 mm , the diastolic, 82 mm 



Tig 1 — Roentgenogram (2 meters) of the heart taken nine dajs before death, 
showing marked enlargement of the cardiac outline 


The respiratory rate was 32 a minute There were signs of fluid over the area 
of the low'er lobe of the right lung, with crepitant and subcrepitant rales and 
dulness above the eighth rib posteriorly The edge of the liver w 7 as palpable 3 
cm below the costal margin , it was tender, but did not pulsate The spleen was 
not palpable There w'as no evidence of ascites Both low r er extremities presented 
slight edema The superficial and deep reflexes w'ere active, and there w r ere no 
abnormal reflexes 

On admission, examination of the blood showed leukocytes, 10,400, polymor- 
phonuclears, 79 per cent, lymphocytes, 20 per cent, transitionals, 1 per cent, red 
cells, 3,700,000, and hemoglobin, 70 per cent Another leukocyte count, taken four 
days later, showed 17,200 leukocytes, wutli 92 per cent polymorphonuclears and 
8 per cent h'mphocytes The Wassermann reaction of the blood was negatne 
Blood cultures taken on two different occasions yielded no growth The systolic 
blood pressure never exceeded 112 mm , the diastolic pressure ranged between 
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82 and 92 mm Four electrocardiograms, taken on different days during the last 
week, revealed prolongation of the P-R interval (from 0 20 to 0 24) , 
there was a complete intraventricular block, low voltage m all three leads and 
normal sinus rhythm Examination of the sputum revealed an unclassified 
pneumococcus On admission, the urine was normal , subsequent urinalysis 
revealed a slight albuminuria and the appearance of numerous hyaline and finely 
granular casts , an occasional red blood cell was found on one occasion the da\ 
before death Chemical analysis of the blood, performed two days after admis- 
sion, showed nonprotein nitrogen, 64 mg, and sugar, 119 mg per hundred cubic 
centimeters Three days before death, the nonprotein nitrogen was 100 mg and 
the creatinine 4 7 mg per hundred cubic centimeters 

Clinical Cow sc — -The temperature ranged between 98 and 100 F, the pulse rate 
between 68 and 100 a minute Thoracentesis was performed two days after admis- 
sion and yielded 80 cc of clear straw-colored fluid, with a specific gravity of 
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Fig 2 — One of four similar electrocardiograms obtained between January 30 
and February 5 First stage A-V block, complete intraventricular block, string 
resistance, 4,000 ohms, resistance of patient, 2,000 ohms, rate, 90, P-R interval, 

0 20, QRS, 018, Ti and T 2 inverted, and sinus arrhythmia 

1 008 The cell count was 1,940, the differential count being comprised chiefly of 
lymphocytes and endothelial cells No tubercle bacilli were found The signs in 
the lower lobe of the right lung persisted A roentgenogram of the lungs showed 
irregular consolidation in this field 

The patient progressively gained weight, with an increasing edema of the lower 
extremities and the left arm and hand Facial edema became marked about four 
days before death There was no change in the cardiac observations The liver 
became progressively enlarged and palpable 8 cm below the costal margin in the 
midclavicular line, and it was tender Cyanosis, which was of a fairly marked 
degree, was intermittent During the last few davs, as the congestive heart failure 
became more marked, slight icterus, oliguria, Cheyne-Stokes respirations and 
stupor supervened, so that the patient died twelve days after admission, presenting 
a picture of heart failure.and uremia 
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The final clinical diagnosis was cardiac disease 0 (a) etiology — unknown 
active, ( b ) anatomy — enlarged heart, ( c ) physiology — sinus rlnthm with intra- 
ventricular block (complete bundle branch) and auriculoientricular block, first 
stage, ( d ) functional — class III 

Pathologic Rcpoit — Necropsy w r as performed about ten hours after death, the 
incision being limited to the abdomen The body w r as that of an adult white man, 
w eiglnng 68 Kg , 177 cm in height, w ell nourished and w ell developed Except for 
moderate pitting edema of the legs, trunk and left arm and slight icterus of the 
skin and sclerae, external examination ga\e negative results On section the 
panmculus w r as yellow r and of normal thickness, the muscles w'ere pale browm 



Fig 3 — The opened heart, showing marked dilatation of the left ventricle 
and the mural thrombus at the apex Note the normal mitral and aortic valves 


Examination of the serous cavities showed that the peritoneal cavity contained 
about 500 cc of clear, straw r -colored fluid Each pleural cavity contained about 
300 cc of clear fluid The pericardial sac contained about 75 cc of clear fluid 
Otherwise, the serous sacs were intact 

The heart w r as large, weighing 600 Gm Its external measurements w r ere 16 
by 13 by 9 cm It w'as so soft and flabby as to mushroom over the supporting 
hand All of the chambers were markedlj r dilated The papillary muscles of 
both ventricles w r ere flattened The mitral valve and its chordae tendineae w T ere 


9 This diagnosis conforms to the nomenclature for cardiac diagnosis recom- 
mended by the American Heart Association (Am Heart J 2 202, 1926-1927) 
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normal The orifice of the val\e measured 10 cm in circumference The aortic 
orifice measured 6 cm in circumterence the cusps were normal The orifice of 
the tricuspid valve measured 11 5 cm m circumference, the valve and its chordae 
tendineae were normal The pulmonary orifice measured 6 cm in circumference, 
its cusps were normal Ihe myocardium of the left ventricle measured 18 mm 
m thickness at the base of the \entncle, 10 mm near the apex and from 2 to 3 



Fig 4 — Low power photomicrograph of a section of the left ventricle Note 
the hypertrophied nuclei and muscle fibers, and the diffuse and patchy cellular infil- 
tration by small round cells Hematoxylin and eosin stain 


mm at the apex The right ventricle measured 6 mm m thickness at the base 
and 3 mm at the apex The epicardium was normal, except for a few pinhead- 
sized, smooth, glistening points of thickening over the right auricular appendage 
The endocardium was intact throughout, except at the apex of the left ventricle, 
where a firm, grayish-red thrombus was found attached to the endocardium The 
right auricular appendage was filled by a similar thrombus On section, the m>o- 
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cardium, particularly that of the left \entr’cle, was remarkably altered, brown and 
brownish-} ellow streaks being scattered throughout, nearbj were seen irregular 
bands of gra} and gravish-vellow firmer tissue On section, the linear markings 
of the muscle bundles were barely visible The coronary orifices and arteries were 
normal 

Both lungs were heavier than normal, the pleural surfaces w T ere smooth The 
cut surfaces w : ere reddish-blue and oozed frothy sero-sanguineous fluid, the} were 
otherwise normal 





Fig 5 — Low f pow'er photomicrograph of a section of the left ventricle close to 
the A-V sulcus posteriorly Note the replacement of the muscle fibers of the heart 
by cellular infiltration Hematoxylin and eosin stam 


The liver weighed 1,300 Gm The capsule w r as smooth The cut surface was 
firm, showing the markings of chronic passive congestion which gave the organ 
a nutmeg appearance The gallbladder and biliary passages were normal 

The spleen was normal m size and shape, weighing 220 Gm On section, the 
pulp was firm and red, and the follicles were fairly prominent 
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The kidneys were somewhat enlarged, weighing 420 Gm together The cap- 
sules stripped easily, leaving a smooth surface On section, they W'ere normal, 
except for slight hjperemia and one small, gray, apparently healed infarct in the 
right kidney 

The pancreas, suprarenal glands, bladder, prostate and testes appeared normal 

Mia oscopjc Observations — Sections were taken from both ventricles, both 
auricles, the auricular appendages, valves, papillary muscles, aorta and pulmonary 
artery of the heart The following stains w'ere used hematoxylin-eosin, van 
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Fig 6 — High power photomicrograph of a section of the right ventricle, showing 
new capillaries traversing the muscle fibers Note the marked hyperemia Hema- 
toxylin and eosin stain 


Gieson, Mallory's connective tissue stain, Weigert's elastic tissue stain, sudan III, 
mle blue, Gram-Weigert, methyl violet, Unna-Pappenheim, Levaditi and Warthin- 
Starry 

Sections from various portions of both ventricles revealed marked hypertrophy 
of the nuclei and fibers of the muscles, both of which w^ere many times larger than 
in normal circumstances The interstitial connective tissue was increased m 
amount The coronary arteries and arterioles w'ere apparently normal Newly 
formed blood vessels were abundant and injected In places they were seen grow- 
ing into and between muscle bundles and fibers No hpochrome pigment w'as seen 
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The lesion noted was widely distributed and more marked in the myocardium 
of the left ventricle Areas of considerable dimension were found consisting of 
degenerated, edematous muscle fibers and nuclei, infiltrated by large numbers of 
lymphocytes, endothelial cells, fibroblasts and newly formed blood vessels These 
areas were irregular in outline and poorly demarcated, and they did not present 
a constant picture, the several elements varying in number and location In some 
places there yvas an abundance of young connective tissue cells with a few lympho- 



Fig 7 — High power photomicrograph of a section of the left ventricle, showing 
diffuse cellular infiltration, notably of the round cells, occasionally by cells of 
endothelial type, and replacement of the muscle fibers of the heart Hematoxylin 
and eosin stain 


cytes and an occasional plasma cell, in other places focal collections of lympho- 
cytes, a few plasma cells and large endothelial cells were found in and around 
edematous muscle fibers Some of the endothelial cells presented sharply outlined 
nuclei, and m their cytoplasm a fine granular pigment yvas occasionally seen No 
giant cells or Aschoff bodies yvere found in any of the sections One small 
coronary artery yvas found to contain a small nonoccluding parietal thrombus com- 
posed of fibrin, in the meshes of yvhich a feyv leukocytes could be seen Near the 
yvell marked areas of inflammatory reaction small focal areas of muscle necrosis 
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were encountered with no surrounding inflammatory reaction The cross striations 
of the muscle fibers were normal, except in the areas of degeneration Fat was 
not markedly increased in amount, with the sudan III stain it could be seen m 
fine droplets in most of the mvocaidial fibers Sections stained by the van Gieson 
and Mallory connective tissue methods showed scattered foci of fibrous connective 
tissue These were chiefly interstitial With these stains the interstitial elements 



Fig 8 — Low pow'er photomicrograph of the myocardium of the left ventricle 
Note the diffuse mtrafascicular increase of fibrillary connective tissue Van Gieson 
stain 


in the areas of degeneration of the muscle w'ere seen as fine fibrillar bands with no 
intervening stained sarcoplasm Polymorphonuclear leukocytes and eosinophils 
w'ere scarce No areas of hemorrhage w'ere seen 

A section from the apex of the left ventricle revealed a fairly advanced organ- 
ising process, involving the endocardial thrombus and the adjacent muscle Sec- 
tions of the vahes and the endocardium reiealed normal structures except at the 
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apex, as noted Sections of the aorta and pulmonary artery showed no changes 
The stains for amyloid, bacteria and spirochetes yielded negative results 

Sections of the lungs revealed numerous cells indicative of heart failure, 
occasional areas of edema and marked hyperemia of the small vessels Sections of 
patchy atelectasis could be seen 



Fig 9 — High power photomicrograph of a section of the left ventricle Note 
the loose fibrillary connective tissue m an area of necrosis with no cellular reac- 
tion Van Gieson stain 


The central veins of the liver and the adjacent sinusoids were choked with blood 
elements compressing the cords of the liver In some of the lobules central 
necrosis was seen Considerable bile pigment was seen in the liver cells 

The capsule of the spleen was thin The splenic sinuses were markedly con- 
gested The follicles were hyperplastic The arterioles showed no changes 

Most of the glomeruli in the kidneys ivere normal An occasional glomerulus 
was seen with swollen lining cells in Bowman's capsule The tubules w r ere fairly 
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well preserved Many of the proximal convoluted tubules showed marked cloudy 
swelling The lumina contained epithelial and hyaline casts Section through the 
area of infarction revealed replacement of the parenchyma by dense acellular con- 
nective tissue The edges were sharply defined 

The pathologic diagnosis was subacute productne myocarditis , hypertrophy 
and dilatation of the heart, mural thrombi of the left ventricle and the right 



Fig 10 — High power photomicrograph of the myocardium of the left ventricle 
Note the increase m connective tissue which is more dense than in figure 9, extend- 
ing between and replacing muscle bundles, note, too, the moderate round cell 
infiltration Van Gieson stain 

auricular appendage , healed infarct of the right kidney , chronic passive hyperemia 
of the lungs, liver, spleen and kidneys , follicular hyperplasia of the spleen , cloudy 
swelling of the kidney s , generalued edema , ascites and icterus 
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COMMENT 

Piogiessive heait failnie was the outstanding clinical leatme m oui 
case This is m accord with the obsei rations of pievious authois 

Caieful search of the history m this case for an etiologic factoi was 
unavailing There was no histoiy of any of the well known infections 
diseases, including rheumatic fever, diphthena, scarlet fever, syphilis or 
tubeiculosis , nor weie we able by any means available to demonstrate an 
etiologic agent Two blood cultures taken during the patient’s stay m 
the hospital were stenle 

The exact onset of the disease in this case is doubtful The embolic 
phenomena noted during life and the evidence for the same found at 
neciopsy are paiticulaily notewoithy and possibly give a clue to the 
onset and duiation of the lesion 

In 1901, Josseiand and Gallavardm 10 lecoided three cases of 
Fiedlei’s myocaiditis with caieful clinical and pathologic studies Then 
cases occuried m young men in the thud decade In each case, they 
emphasized the abrupt onset with embolic manifestations, pulmonaiy or 
ceiebial, followed by piogressive myocaidial failure 

In our case, the ceiebial accident about eight and one-half months 
befoie death, the healed infarct m the kidney and the piobable pul- 
monaiy mfaict about six weeks before death suggest that the mtia- 
cardiac thiombi were piesent for some time Dui mg the patient’s hist 
hospitalization, it was noted fuithei that the heart was enlarged, the 
apex being 1 cm to the left of the midclavicular line m the fifth mtei- 
space Moieover, the heait weighed 600 Gm and exhibited maiked 
hypei trophy, lending fuithei suppoit to the contention that the disease 
had existed for a period of months 

Of considerable clinical intei est aie the data obtained by electio- 
caidiogiaphy, which gave fuithei evidence of the extensive disti lbution 
of the lesion, i e, fiist stage aui iculoventricular block (P-R interval 
fiom 0 20 to 0 24) and complete mtraventnculai block 

The gioss and microscopic observations demonstiate the clisti lbution 
of the lesion The diffuse and focal cellular mfiltiation consisting 
chiefly of lymphocytes, the new foimation of blood vessels and con- 
nective tissue, involving both the intei stitium and the parenchyma, the 
well maiked deposits of oigamzed connective tissue and the focal aieas 
of neciosis account for the piogressive cuculatoiy faihue Careful 
nucioscopic studies have not been made of the conducting tissue There 
weie no vascular, penvascular oi myocardial lesions suggesting rheu- 
matic infection, and no Aschoff bodies were found 

10 Josserand, E , and Gallavardm, L De l’asystolie progressive des jeunes 
sujets par myocarditis subaigue primitive, Arch gen de med 78 513 and 684, 1901 
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The neciops) obseivations adequatel} account foi the clinical couise 
The etiolog} m oui case lemains obscuie Whethei or not the lesion 
was an atypical rheumatic inflammatory reaction cannot be answeied 
AschofE 8 felt that the lesions m his case could not be explained or 
descnbed as lheumatic alone He suggested that some other etiologic 
factoi was combined 01 supei imposed, possibly an infection of ciypto- 
gemc oiigm We believe, with Scott and Saphir that to legal d these 
cases as lheumatic would not aid m claufying the knowledge of then 
pathogenesis 

SUMMARY 

A case of so-called isolated myocaiditis of unknown etiology is 
1 eported 

The clinical and neciopsy obseivations aie compaied with those m 
pieviously recorded cases 

Electrocardiograms showing evidence of seveie impanment of con- 
duction aie noted for the fiist time in connection with this disease 



IV CORONARY SINUS RHYTHM 


RHYTHM SUBSEQUENT TO DESTRUCTION BY RADON OT THE 
SINO-AURICULAR NODES IN DOGS “ 

MILTON C BORMAN, MD 

MILWAUKEE 

AND 

WALTER J MEEK, PhD 

MADISON, WIS 

It has usually been assumed that when the sino-aui lcular nodes m 
the heaits of dogs have been completely desti oyed the aui lculoventnculai 
node, particularly its coionaiy sinus portion, becomes the pacemaker 
or the initiatory mechanism Eystei and Meek 1 lepoited in such cases 
a deci eased p-r interval and a decreased caidiac late Borman , 2 how- 
ever, obtained noimal electrocardiogiams from dogs m which the smo- 
auncular nodes had been destroyed by ladon Theiefore, it was our 
pi unary object in this stud)'- to determine the exact site of the initiation 
of the impulse m a larger series of dogs in which complete desti uction 
of the sino-aui lculai nodes was similaily produced by ladon 

METHOD 

In a series of thirty dogs, the sino-auncular nodes weie aseptically exposed 
The only modification of the previously described technic 2 consisted in the use of 
capillary tubes containing radon which were either inserted subepicardially by 
means of a right angle applicator, or as in the later experiments, by tying the 
radon seed with silk sutures to the epicardium overlying the sino-auricular node 
By careful asepsis, a subcuticular closing suture being used, practically primary 
closure of the wound of the chest was obtained The duration of the operation 
varied from twenty to forty minutes After an interval of several weeks or 
months, during which electrocardiograms were taken, the animals were again 
anesthetized, tracheotomy performed, the internal mammary vessels ligated and the 
sternum and portion of the attached ribs resected, exposing the pericardial sac 
The latter was incised and the margins sewed to the edges of the wound Auricular 
systole was recorded on the electrocardiographic record by means of the transmis- 
sion of air and a recording tambour Fine silk sutures were inserted over the head 
of the sino-auricular node and the body of the right atrium, catching only a tiny 
portion of the epicardium By means of the long ends of these sutures, a woolen 

* Submitted for publication, Oct 13, 1930 
From the Department of Physiology, University of Wisconsin Medical 
School, Madison, Wis, and the Sacred Heart Sanitarium, Milwaukee 

1 Eystei, J A E, and Meek, Walter J The Permanent Rhythm Follow- 
ing Destruction of the Sino-Auricular Node, Am J Physiol 61 117, 1922 

2 Borman, Milton C Destruction of the Sino-Auncular Node in Dogs’ 
Hearts by Radon, Am Heart J 3 208, 1927 
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strand moistened in physiologic solution of sodium chloride was tied to each suture 
The ends of the sutures and woolen strands were neatlj and closely cut, so that 
contact with the epicardial surface was obtained at a very small point Each of 
the woolen strands passed upward into a glass tube, the lower end of which was 
packed lightly hut firmly enough to a\oid leakage with the wool soaked in 
physiologic solution of sodium chloride The remaining portion of the glass tube 
was filled with a saturated solution of zinc sulphate The leads of an electrocar- 
diograph w 7 ere connected to the electrodes by a small zinc rod freshly cleansed 
with sulphuric acid, and dipped m mercurj Bj changing these zinc rods, wduch 
were dipped in the upper end of the glass tubes containing the solution of zinc 
sulphate, leads could be quickly interchanged, furnishing a check in the 
determinations of negativity 7 If the initial deflection was an upstroke when the 

Table 1 — Elccti occii diogi ams Bcfoic and Aftci Opaation on Dog S 





p r Interval 

Cardiac 


No 

Condition 


in Seconds 

Rate 

Abnormalities 

1 

Normal 


0 11 0 12 

90 


2 

47 minutes after administration 

of 

0 11 0 12 

100 



1 gram of morphine sulphate sub 





cutaneously 





o 

53 minutes after administration 

of 

0 12 0 14 

120 



morphine sulphate and 4 minutes 





after injection of 0 001 Gm 
atropine sulphate 

of 




4 

10 hours after 2 09 millicuries 

of 

0 09 0 11 

73 



radon implanted 





5 

23 hours after operation 


0 09 0 10 

00 


6 

33 hours after operation 


0 OS 0 10 

S4 

p vv av es barely v isible 

7 

2 days after operation 


0 10 0 11 

100 


S 

3 days after operation 


0 10 0 12 

10S 


9 

r > days after operation 


0110 13 

70 

Cycles of sino auricular block 

10 

6 days after operation 


0 13 0 14 

GO 

Cycles of sino auricular block 

11 

9 days after operation 


0 10 0 12 

100 

Cycles of sino auricular block 





negative T 2 and T 3 

12 

17 days after operation 


0 11 0 12 

100 

T m all leads negative 

13 

23 days after operation 


010 012 

100 

T m all leads negative 

14 

38 days after operation 


0 10 0 12 

100 

T in all leads negntiv e 

13 

120 days after operation 


0 10 0 12 

100 

Just prior to experiments on 


initial negativity 

16 Body of right auricle initially negitivc when compared to uno auricular node 

17 Coronarj s nus mitiallj negative when compared to sino auricular node 
IS The same with leads inverted 

19 Body of right auricle negative when compared to sino auricular node 

20 Coronary sinus initially negative when compared to body of right atrium 

21 The same with leads inverted 

22 Coronary sinus initially negative when compared to auriculov entricular node 

23 The same with leads inverted 

24 Auriculov entricular node initially negative when compared to sino auricular node 

27 Normal electrocardiogram with indirect Emthoven leads pr interval 0 12 cardiac rate 130 


lead of the right wrist w 7 as over the sino-auricular node, the latter must be 
regarded as mitiallj 7 negative when compared to any other point A glass rod 
curved almost at right angles, the lower end of which was packed w’lth wool 
soaked in physiologic solution of sodium chloride, was placed behind the heart 
over the region of the coronary sinus A fourth electrode, a slightly curved glass 
rod, was passed down the external jugular vein into the right side of the heart, 
the end was rotated medially so that it touched the base of the interauricular 
septum m the region of the auriculo-ventricular node Thus at the termination of 
each experiment, the point of origin of the cardiac impulse was determined 
Thereafter, the sino-auricular junctional tissues were fixed in formaldehj'de , draw- 
ings were made of the gross anatomic changes, and the tissues were mounted in 
paraffin blocks Duplicate sets of semiserial sections of each block were made and 
stained with hematoxylin and van Gieson’s stains Sections were stained from 
everv 7 1 to 3 mm of tissue 



BORMAN-MEEK— CORONARY SINUS RHYTHM 


959 


DATA 

Two senes of animals weie used in these expenments In the 
1927-1928 senes, nine animals weie used ■while in the 1928-1929 series 

Table 2 — Summaiy Data on All Animals 


Millicurie Seat of 

Davs of Radon Postoperative Changes in Initiation of 
No Lived in Tube Electrocardiogram Impulse 

1927-192S Scries 


5 120 0 99 


G 120 0 99 


p r interval before opera 
tion, 014 014 second, 
thirty ninth day after 
operation, 0 12 0 13 second, 
cvcles of sino auricular 
block, inverted T 2 and T 3 

p r interval before opera 
tion, 012 second, forty 
fifth day after operation, 

0 12 0 14 second 


Sino auricu 
lar node 


Coronarv 

sinus 


S 120 2 09 


41 4 00 


p r mterv al before opera- Coronarj 

tion, 0 11012 second, sinus 

tlnrtv eighth daj after 

operation, 010 012 second, 

evclcs of sino auricular 

block 

192S-1929 Series 

p r interval before opera Coronarj 
tion, 0 13 014 second, sinus 

thirty seventh dav after 
operation, 0 11 0 12 second, 
on seventh day after 
operation, delaj r ed eonduc 
tion, seven ejeles of 
nodal rhjtlim 


9 30 3 50 


13 20 4 30 


Before operation, inverted 
T-, pr interval, 0 12 0 15 
second, twenty sixth daj 
after operation, inverted 
T-, pr interval, 0 14 0 1G 
second, decreased vagal 
tone, senes of nodal cycles 
Before operation, p r inter 
val, 014 015 second, 
fifteenth daj after opera 
tion, p r interval, 0 175 0 24 
second, occasional sino 
auricular block 


Coronarj 

sinus 


Head of sino 

auricular 

node 


19 21 8 00 Before operation, p r inter S no auricu 

val, 0 135 0 165 second lar node 

twentieth day after opera 
tion, p r interval 0 0J 0 11 
second, on second day 
after operation, almost 
complete nodal rhvthm 
on fourth day, auriculo 
ventricular block 


Anatomic Observations 

Fpicarditis acute no sino 
auricular node seen 


Gros«lj, nodular white c car 
on endocardial surface at 
head of node, histologi 
cally, necrosis and calcifi 
cation, no sino auricular 
node seen 

Grosslj, round infiltrating 
=car at head of sino auricu 
lar node, histologically, 
fattv change and hemor 
rhage, no sino auricular 
node seen 


Grossly, ep cardial adhe 
sions, hemorrhagic changes 
from sino auricular junc 
tion caudally for 3 cm , 15 
mm in width, histologi 
callv, free hemorrhage, 
replacement of connective 
tissue, infiltration of round 
cells, no sino auricular 
node seen 

Grosslj, marked thickening 
1 cm above junction on 
both vena cava and on 
auricular side, and down 
3 cm below the junction, 
histologicallj , similar to 
changes m dog 5 
Grosslj, white scar 15 mm 
in length, 7 mm in width, 
over the crista terminahs 
cndocardialJj, considerable 
hemorrhage, histologicallj, 
nutrient arterv visible, sur 
rounded by extensive coag 
ulative necrosis and hemor 
rhage, no sino auricular 
node seen 

Grossly, white scar 2 cm 
long and G mm wide over 
crista, surrounded bj area 
of hemorrhage, also visible 
endocardially, histologi 
callj, coagulative necrosis 
with hemorrhage in crista 
teiminahs, no sino auricu 
1 ir node =een 


twenty-one animals weie studied In both senes, preopeiative and 
postoperative lecoids showing the effects of moiphme and ati opine 
were obtained, which data may form the substance of a fuither leport 
The first thiee leports in table 2 -weie fiom the 1927-1928 series The 
last four animals weie from the latei senes Fiom the total group 
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the data of only seven were included in table 2, because only m these 
were both initial negativity and histologic obseivations made While 
histologic examinations weie made in each expel iment, many of the 
animals died from various causes 01 dui mg the deteimmation of initial 
negatn lty 

The following protocol of dog 8 lllustiates the method used 

Dog 8 was operated on the day after a normal electrocardiographic study had 
been made, including tracings after the hj podermic administration of morphine and 
atropine An implant containing 2 09 millicunes of radon was introduced beneath 
the epicardium overlying the sino-auricular node At intervals during the follow- 
ing four months, electrocardiograms were obtained The animal was prepared for 
direct electrocardiographic tracings m the manner previously described, and the 
point of initial negativity was noted by comparing the sino-auricular node to 
the body of the right auricle, the auriculoventricular node and the region of the 
coronary sinus, and vice versa Examination of the junctional tissues re\ealed a 
large scar replacing all the tissue at the head of the crista termmahs Histo- 
logically, no sino-auricular nodal tissue was seen The tissue comprising the crista 
termmahs was replaced by scar, free hemorrhage and extensive fatty change 

Table 1 summarizes the electiocardiographic studies performed on 
dog 8 The combined data on all animals are summatized m table 2 

COMMENT 

The use of radon (ladium emanation) was first suggested to one 
of us by Dr J E Sweet of Cornell Medical School several years ago 
when we were interested in a new method of destroying the smo- 
auncular node m the hearts 2 of dogs In two of the animals studied 
at that time, cycles of nodal rhythm oi ventricular escape weie noted 
Histologically, we weie unable to find any evidence of smo-auricular 
nodal tissue m these two animals although no such difficulty was 
experienced in otheis It was therefoie a natural assumption that a 
coionaiy sinus rhythm had probably developed m these two animals, 
although the electrocardiograms chd not show a l eduction in the p-i 
mteivals or a decreased caidiac rate The experiments conducted since 
that first leport differed from the foimei ones m that larger doses of 
radon were used and that at the termination of the long-time experi- 
ments Lewis’ method of determining initial negativity was used to find 
the origin of the caidiac impulse 

In dog 5 (series of 1927-1928), cycles of sino-aunculai block with 
mveited T 2 and T 3 waves were noted several months after the appli- 
cation of 0 99 millicunes of ladon over the sino-auricular node 
Although it was finally determined that the seat of the initiation of 
the impulse was in the smo-auriculai node, histologically no sino- 
auncular structure was found This was probably due to faulty histo- 
logic technic, the sections being poorly cut and stained 
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Fig 1 (dog 3) — This dog was not included in the data because the annual died on the table duru ( 
Dperation before determinations of the initial negativity could be completed Preoperatne record after tl 1 
munal had received l /z gram of morphine sulphate subcutaneously Result normal rate and rlnthm 



Fig 2 (dog 3) -—Postoperative record 119 days after constant exposure of the sino-auricular node 
01 milhcuries of radon, immediately afterward gram of morphine sulphate was injected subcutaneousl , 
tesult occasional cycle of sino-auricular block with decreased rate 1 



Fig 4 (dog 6) —Occasional cycle of sino-auricular block ten davs after constant exposure of the sine 
Liricular node to 0 99 milhcune of radon < 
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In Dog 6 (senes of 1927-1928), no notewoi thy electiocardiogiaphic 
changes weie observed Histologically, no nodal tissue was found, and 
the site ot the initiation of impulse was found to be at the coronaiy 
sinus In this experiment theie was definite evidence of coronaiy 
smus lhvthm with a p-i intei val of fiom 012 to 014 second and a 
heait late of 70, compared with a normal preopeiative p-i intei val 
of 0 12 second and a cardiac rate of 80 Undei the conditions of this 
expei iment, although two and one-half days after operation theie was 
a shoitenmg of the p-r mteival tty 0 02 second at the time the method 
of detei mining initial negativity was used, 120 days latei, the p-r mteival 
was again noimal 

In dog 8 (senes 1927-1928), on the thirty-eighth day aftei operation, 
the cardiac rate and p-r mteivals weie lelatively unchanged, the pulse 
was found to anse in the region of the coionary smus, and histo- 
logically theie was no smo-auricular tissue Cycles of sino-auncular 
block were obseived during the second week after opeiation 

In dog 5 (series 1928-1929), in which 4 milhcunes of ladon was 
used, more maiked changes of rhythm weie found One week after 
opeiation, delayed conduction and as many as seven consecutive cycles 
of nodal lhythm at the rate of 37 5 pei minute interspersed between 
normal cycles and occasional right ventricular prematuie beats weie 
found In this animal no sino-auncular tissue was found histologically, 
and the impulse was found to anse from the coronary smus The 
noimal preoperative p-i interval was from 013 to 0 14 second and the 
cardiac rate 90, and thirty-seven days after opeiation, m the presence 
of what seemed electi ocardiogi aphically to be a noimal lhythm, the 
p-r interval was from 0 11 to 0 12 second and the cardiac rate only 39 
This bradycardia seems significant in that it further suggests the initia- 
tion of the impulse m the coronary smus 

In dog 9 (senes 1928-1929), aftei operation, a senes of cycles of 
nodal lhythm was noted togethei with evidence of decreased cardiac 
vagal tone Before operation the p-i interval was fiom 012 to 015 
second, and after operation it had increased until it was fiom 0 14 to 
0 17 second Before and after opeiation theie was an inverted T 2 wave, 
and dunng the introduction of the tube of radon this animal was the 
only one in which an aunculai fibnllation was produced Terminally, 
the coronary smus was found initially negative, and histologically no 
nodal tissue was found 

In dog 13 (series 1928-1929), the smo-aui lculai node was initially 
negative, and histologically the cnsta teimmahs showed a visible 
nutnent arteiy with extensive coagulation neciosis and hemorrhage into 
the surrounding tissue It was inconceivable that such tissue could 
function In this animal occasional cycles of smo-auricular block were 
observed, but no other electrocardiogiaphic changes were noted 
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In dog 19 (senes 1928-1929) histologicalh tlieie was a sinulai 
desti action of tissue at the site of the smo-auricular node ■while the 
impulse ougiuated terminal!} m the sino-aunculai nodal aiea On the 
twelfth day after the mtioduction of radon, the animal was in almost 
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Fig 5 — The right electrode on the sino-auricular node , the left, on the body 
of the right auricle Result auricle initially negative (Figures 5, 6, 7 and 8 
represent experiments on initial negativity in dog 6 , in each record the upper wave 
indicates auricular contractions, the lower wave, simultaneous direct electrocar- 
diograms ) 



Fig 6 — The right electrode was on the sino-auricular node, the left, on the 
coronarj sinus Result coronary sinus initially negative 

complete nodal ihythm At the end of the experiment, prior to the 
deteimmation of the initial negativity, only an occasional nodal cycle 
was observed, and the p-r interval had been reduced to from 0 09 to 
Oil second fiom a normal preoperative p-r interval of from 0135 to 
0 165 second 



964 


ARCHIVES OF INTERNAL MEDICINE 


In thiee of the seien animals the sino-aui lcular node pioved to 
be initially negative, but the gioss and histologic changes in this legion 
weie so extensive as to render it unlikely that the smo-auriculai node 
could function Foi this we offer no ceitam explanation It is baiely 
possible that the immediate sui rounding tissue initiated the caidiac 
impulse or that small outlying remnants of the sino-aui iculai node 
escaped destruction and initiated the impulse In each of the seven 
experiments the point of initial negativity lemamed unchanged thiough- 
out that single experiment when compared with all outlying points 
If the electrodes were changed, the obseivations weie the same Theie- 
foie, we place greater reliance on the observations of initial negativity 
than on the negative histologic observations 

In no experiment have we been able to obtain a pennanent auriculo- 
ventriculai nodal rhythm This corroborates the obseivations of otheis 
and ourselves We attnbute the shoitei period of nodal lhythm m 
our experiments as compared with othei experiments m which the 
smo-auricular node had been ligated and excised to the moie giadual 
piocess of destruction in the experiments with radon This fact indi- 
cates the greater reliability of the method using radon, and also venfies 
pievious obseivations in the more acute experiments 

The finding of cycles of auriculoventnculai block m these expen- 
ments suggests that although the impulses continued to arise fiom the 
sino-auricular node directly beneath the implant of radon, changes were 
brought about that interfered with the transmission of the impulse 
through the auriculoventricular node Moie frequently, however, cycles 
of sino-auricular block were noted which suggested that there was Intel - 
feience with the impulse originating in the smo-auriculai node during 
its tiansnnssion to the auriculoventnculai node 

In several instances it was observed that following the hypodeinnc 
administration of ^2 giam (0 0324 Gm ) of moiplune sulphate, nodal 
rhythm followed 111 animals showing postoperative changes m rhythm 
such as smo-aui iculai block and cjcles of nodal rhythm This sug- 
gests that the early stimulating vagal effect of morphine is more effective 
m inhibiting the functioning of the coronary sinus than that of the 
normal smo-auriculai node Therefore, m the normal dog, it is possible 
that if the administration of morphine produces a nodal rhythm it 
might be inferred that the animal had a coronaiy sinus lhythm prioi 
to the injection of the drug, or that the vagal tone was excessivel) 
great This point, howe\er, needs further venfication 

No matter what the actual process underlying the electrocardiogiam 
may prove to be, whether it is produced by the passage of the impulse 
along specialized tissue or whether it is due to chemical changes or to 
actual muscular contraction, there can be no doubt that the shape and 
time 1 elation of the waves secured bv the usual leads depends on the 
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01 dei in which the excitation sweeps over the heart The leal problem 
in oui experiments is to account for the noimal electiocaidiogiams u hen 
the smo-auiiculai node is destioved, when the pacemakei must be m a 
louei part of the specialized tissue and when excitation must be 



Fig 7 — The right electrode was on the coronary sinus , the left, on the body 
of the right auricle Result coronary smus initially negatne 



Fig 8 — The right electrode was on the auriculoventncular node, the left, on 
the coronary sinus Result coronary sinus initially negative 

dehveied to the myocaidium at othei than the usual place If excitation 
weie instantaneous!} tiansnntted as Mackenzie 3 belie \ ed theie might 

3 Mackenzie, James Diseases of the Heart, London, H Frowde, Hodder & 
Stoughton, 1923, p 424 
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be a way out of oui difficulties, but tins idea is not tenable m the light 
of piesent mfonnation The question is How can the coronary 
sinus, the undoubted seat of initial negativity m some of our expen - 
ments, deliver a stimulus to the auncle so that the p wave is normal 
m all of its characteristics and the p-r interval of the usual value? 
At piesent, we have no answei to the question that is based on experi- 
mental evidence It may he that the impulse from the coionaiy sinus 
leached the auncle ovei a pathway to the region of the sinus and thus 
was finally distnbuted in the usual mannei Although it is difficult 
to understand how this could take place m view of the extensive and 
advanced destiuction of the smo-auricular nodal tissue, it is more dfficult 
to see that there should be no reduction m the p-i interval 

Eight jears ago, Eyster and one of us 1 noted a deciease m the 
p-r interval of 0 03 second and about a 25 per cent deciease in the 
aveiage caidiac rate in coionaiy sinus lhythm m dogs m which 
the smo-aui lculai nodes had been ligated and excised It is possible that 

Table 3 — Data of a Previous Senes of Foil) teen Dogs 


Preoperatn c Postopcrntne 

» x Dijs After , * 


Dog 

p r Interval 

Cardiac Rate 

Operation 

p r Intcn al 

Cardiac Rate 

o 

0 09 0 12 

100 

SI 

0 OS 0 10 

70 




1S3 

0 10 0 11 

120 

7 

0 12 0 13 

120 

U 

0 OS 0 10 

120 




22 

012 013 

130 

10 

0 09 0 10 

100 

0 

0 00 0 OS 

70 




137 

0 09 0 10 

110 


m the expei iments in which destiuction is sudden, certain factors 
obtain which are not present in experiments m which that destiuction 
is slow, as when it is pioduced by ladon We have no othei explanation 
to offei for the fact tfiat in the experiments repoited heiem the p-r 
interval and the caidiac late remained noimal It is noted that the 
period of obseivation after the destiuction of the smo-aui lcular nodes 
m the piesent senes is over a much longer penod of time than m the 
senes reported by Eyster and Meek In a peisonal convei sation, Dr 
Piene Ryland of Belgium stated that he had noted many examples of 
coionaiy sinus lhythm He expressed the belief that intei feience with 
the supply of blood m the smo-aui lcular legion allowed the aunculo- 
ventricular node to gam a tempoiaiy ascendency ovei the legion of the 
coronal y sinus 

An examination of the data in a pievious senes of fouiteen dogs 
m which the smo-aui lculai node was destroyed by ladon 2 revealed the 
results recorded m table 3 

While these animals (dogs 2, 7 and 10) showed deci eased p-r inter- 
vals and caidiac lates after opeiation, after the lapse of a ceitam 
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internal of time noimal figures foi these i allies weie obtained m some 
animals normal rates weie found foi an extended penod In dog 2, on 
the eighty-first day after opeiation theie was still evidence of what 
might be mteipieted as coionaiv smus lhythm In these tluee animals 
caieful histologic examination levealed the absence of smo-amicular 
tissue and the leplacement theieof with seal tissue and extensile 
degeneiative changes This obseivation suggests that possibly if the 
animals concerning which Eystei and one of us (W J M ) lepoited 
had been obseived ovei a longei penod, a letuin to noimal figuies 
might have occui red 

conclusions 

1 The pievious obseivation that the nodal tissue of the coionaiy 
smus appaiently acts as a leseive mechanism, as a pacemakei undei 
conditions of expel l mental destiuction of the smo-auriculai node, is 
coi roboi ated 

2 Evidence is piesented that suggests that a coionai y smus lhythm 
cannot be diffeientiated from a sino-aui lculai rhythm by means of an 
electrocardiogi am 

3 If the smo-auncular node is destioyed gradually by ladon, the 
nodal tissue of the coronary smus assumes the function of pacemakei 

4 It is probable that when the smo-auriculai node is lendeied 
functionless by disease the nodal tissue of the coronary smus acts as 
pacemaker 

5 Peimanent nodal rhythm, i e, a lhythm with a definite and 
peimanently shortened p-r intei val, cannot be produced b} destioymg 
the smo-auncular node with radon 

6 Nodal lhythm temporarily follows the injection of moiplnne m 
dogs m which the smo-auriculai nodes have lifeen destioyed by ladon 

7 The electrocaidiographic changes m dogs following the destiuc- 
tion of the smo-auncular nodes radon are temporal y i eduction of 
the p-r intei val, which later becomes noimal, slightly greater oi slightly 
less than noimal, deci eased cardiac vagal tone, partial and complete 
smo-auricular block, partial and complete am lculoventi lcular block, 
nodal rhythm , coronary smus rhythm , mvei ted T 2 and T 3 and pre- 
mature ventnculai beats 



THE APPEARANCE OF HISTIOCYTES IN THE 
PERIPHERAL BLOOD " 

WILLIAM DAMESHEIC, MD 

BOSTON 

REVIEW OF THE LITERATURE 

Although the histiocyte is occasionally seen m the penpheial blood, 
it is usually unrecognized, chiefly, it seems, because the existence of 
the cell in the circulation is not generally known Theiefoie, it was 
felt that a leview of the subject of the histiocyte and of its appearance 
m vanous clinical conditions might arouse moie geneial intei est m the 
appeaiance of the cell and its clinical significance 

The name “histiocyte” signifies hteially “tissue cell” It was fiist 
used m this connection by Aschoff 1 and Kiyono in 1913, and has come 
into use as the geneiic name foi the cells of the 1 eticulo-endothelial 
system The word histiocyte has many synonyms It is the macrophage 
of Metchmkoff 2 and of Evans, 3 the clasmatocyte of Ranvier 4 and of 
Sabin and Doan, 5 6 the adventitial cell of Maichand, 0 the pyi l ole-blue 
ceh of Goldmann, 7 8 the hemolustioblast of Feiiata, s the Feirata cell of 
vanous Italian hematologists, 9 the monoblast of Meiklen and Wolf, 10 

1 Submitted for publication, Oct 10, 1930 

' From the Medical Service and Department of Pathology, Beth Israel 
Hospital 

1 Aschoff, L Em Beitrag zur Lehre von den Makrophagen auf Grund von 
Untersuchungen des Herrn Dr Kiyono, Verhandl d deutsch path Gesellsch 
16 107, 1913 

2 Metchmkoff, E Lemons sur la pathologie comparee de l’mflammation, 
Paris, Masson & Cie, 1892 

3 Evans, H M The Macrophages of Mammals, Am J Physiol 37 243, 

1915 

4 Ranvier, L Des clasmatocytes, Arch d’anat micr 3 123, 1899 

5 Sabin, F R , and Doan, C A The Presence of Desquamated Endothe- 
lial Cells, the So-Called Clasmatocytes, in Normal Mammalian Blood, J Exper 
Med 43 823, 1926 

6 Marchand, F Ueber die hei Entzundungen m der Peritonealhohle auftre- 
tenden Zellformen, Verhandl d deutsch path Gesellsch 1 63, 1898 

7 Goldmann, E E Die aussere und innere Sekretion des gesunden und 

kranken Orgamsmus lm Lichte der “vitalen Farbung,” Beitr z khn Chir 64 192, 

1909 

8 Franco, E , and Ferrata, A Cellule istioidi (emoistioblasti) e loro derivati 
nel sangue circolante, Arch per le sc med 42 109, 1919 

9 Reitano, D Emoistioblasti e loro derivati nella leucenna monocitica, 
Haematologica 3 524, 1922 

10 Merklen, M , and Wolf, M Leucemies a monocytes, Rev de med 45 154, 
1928 
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the “Stammzell” ot ceilain Geiman authois 11 and the iestmg-\\.mdei- 
ing cell of Ma\nnow u The last authoi, wilting in 1927,’ said that 
although the woicl histiocyte was more 01 less meaningless at least it 
had world wide acceptance, and therefore its use was ptobably piet- 
erable to that of his own teim “lestmg-wandeimg cell ” 

The histiocyte, a laige cell containing phagocytosed matenal was 
first described as occulting m the penpheial blood by Eichhoist 14 in 
1874 This authoi described fan ly numerous cells fiom foui to six 
times the size of red blood cells in a case of typhoid fe\ei , tliei con- 
tained fiom two to seven inclusions of red blood cells The foimation 
of pseudopods was noted in seveial cells, a few of which contained 
vacuoles Eichhoist thought that these cells weie probably denied 
fiom the spleen, although he considered denvation fiom a coincident 
phlebitis possible Eichhorst cited Remak (1845), who discmeied large 
cells with inclusions of led cells occuinng m the splenic pulp ot cahes, 
hoises and dogs aftei venesection, and Gulhviei (1842), who found 
fiom one to six led blood cells m ceitam “lymphocytes” m a hoise dying 
of phlebitis In 1907, Rowley 15 found the phagocytic “lymphocyte” m 
the blood fiom patients with teitian malaiia and lymphatic leukemia, 
and m 1908 she descubed lfi a case of “fatal anemia associated with 
enoimous numbeis of cuculatmg phagocytes” The blood fiom this 
patient was studied in a waim chambei as well as with fixed piepaia- 
tions Appended to this aiticle aie a laige nuinbei of excellent photo- 
nnciogiaphs showing the piocess of phagocy tosis 17 In 1907 Van 
Nuys 1S and m 1911, Leede 19 fiist found phagocytic cells m subacute 

11 Ewald, Frehse and Henmg Akute Monozyten — und Stammzellen — 
Leukamien, Deutsches Arch f khn Med 138 353 (Feb ) 1922 

12 Maximow, A Untersuchungen uber Blut und Bindegewebe, Aich f mikr 
Anat 73 444, 1909 

13 Maxnnow, A Les relations des cellules sanguines avee le tissu conjonctif 
et avec l’endotliehum, Ann danat path 4 701, 1927 

14 Eichhorst, H Em merkwurdiger Fund nn Blute eme Typhuskranken 
Deutsches Arch f khn Med 14 223, 1874 

15 Rowley, M W The Occurrence of Atypical Phagocytic Cells in the 
Circulating Blood, New York State J Med 85 674, 1907 

16 Rowley, M W A Fatal Anemia with Enormous Numbers of Circulating 
Phagocytes, J Exper Med 10 78, 1908 

17 The rapidly developing anemia and the extremely high leukocyte count 
(800,000 per cubic millimeter before death) strongly indicate the diagnosis of 
monoc}tic leukemia This -would antedate by fhc iears Rescbad and Schilling's 
observation of the first reported case (Ueber eme neue Leukamie durch echte 
Uebergangsformen [splenozitenleukamie], Munchen med Wchnschr 60 198. 
1913) 

IS Van Nu\s, F An Extraordinary Blood Presence of Atypical Phago- 
c\ tic Cells, Boston M & S J 156 390, 1907 

19 Leede, W Em Fall von Endocarditis ulcerosa mit krankhaftentartenden 
L\mphozjten un Blut, Mitt a d Hamb Staatskrankenanst 12 411 1911 




Cells from preparations stained according to Wright’s method, reduced from 
X 1,200 Nos 1,2 and 3 are from a case of dementia paralytica in which frequent 
convulsions occurred, 5 , 6 and 7 , from a case of monocytic (histiocytic) leukemia 
No 1 , an extremely large histiocyte Several platelets seem to have become phago- 
cytosed , the nucleolus in the spongy nucleus is prominent No 2, an ordinary 
monocyte The fine granules in the grayish-blue cytoplasm and the fine chromatin 
network ot the indented nucleus are to be noted No 3 , a histiocyte with a large 
amount of ingested debris Vacuole formation is common in these cells No 4 , the 
possible beginning of a giant cell This has occurred m a histiocyte that has prob- 
ably undergone amitotic division of the nucleus Note the pliagocytosed platelets 
and the vacuoles The bizarre shapes of the cells 1 , 3 and 4 are due to their marked 
motility and pseudopod formation, although cell 4 has probably become somewhat 
broken No 5, the perfect histiocyte Note the spongy character of the nuclear 
chromatm and the perinuclear arrangement of the granules No 6 , a cell appar- 
ently a transition between the tvpical histiocyte of 5 and 7 and the typical mono- 
cvte of 2 There are more pseudopod formation, a rounder nucleus and coarser 
granules than in the ordinary monocyte No 7 , another tvpical histiocyte seen in 
a more “active” stage than the cell 5 Nos 5 , 6 and 7 were seen in one oil- 
lmmersion field in a case of monocytic leukemia 
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bactenal endocarditis This observation lias been repeated b\ so main 
obseireis that the pliagocitic lnstiocjte seems to have become identified 
with that disease In 1912, Connal 20 found pbagocitic celF in tnp- 
anosonuasis, malana, smallpox and ankylostomiasis , lie felt that the cells 
appeared while immunity was being acquned Neukuch 21 found cells 
containing pigment bile m a case of jaundice, and Kiaus 22 found 
phagocytic cells in a case of splenomegaly Netousck 2 discoveied these 
cells in cases of subacute bactenal endocaiditis, typhoid ferei and cholcia 
and occasionally m other conditions, he also found suspected ‘'Endo- 
thehen” at times m noimal blood In 1918 and 1919, Kaznelson 21 wiote 
the fiist general article on this subject and descubed the finding of 
histiocytes in a case of stieptococcic pyemia and in one of geneial tubei- 
culosis of the lymph nodes , in both of these cases hemoi rhagic diathesn 
was present 

Kaznelson cited the finding of histiocytes by vanous authois in 
paioxysmal hemoglobinui la and in pernicious anemia The fiist adequate 
descnptions of the cells aie given by Feirata and his associates 2 ’’ Fei- 
lata called these cells “hemolnstioblasts” and expiessed the belief that 
they aie the foiei miners of all the blood cells He and his associates 
pointed out the occuirence of these cells in the leukemias, especially 
m monocytic leukemia Complete descriptions of the cell and of its 
spongy nucleus are given in these articles, which aie excellently lllus- 
tiated with coloied plates The fiist geneial aiticle in the Amencan 
liteiatuie is that by Simpson, 20 who studied the histiocytes exhaustively, 
mainly from the expemnental standpoint She was the first to stud) the 
cell s) stematically by the supiavital technic The subject is touched on 
by Naegeli 27 m his textbook and is discussed at greatei length b\ 

20 Connal, A Auto-Erythrophagocytosis m Protozoal Diseases, J Path S. 
Bact 16 S02, 1911 

21 Neukirch, P Ikterische Zellen ini Blute bei Icterus neonatorum, Ztsclir 
f klin Med 74 380, 1911 

22 Kraus, F Em Fall von Splenomegahe, Berl klin Wchnschr 50 1421, 
1913 

23 Netousek, M Ueber Endothehen und dire Beziehung zu den Monozjten, 
Folia haemat 19 1, 1914 

24 Kaznelson, P Seltenc Zellformen des stromenden Blutes (Megakano- 
cyten, Histiocjten, Endothehen), Deutsches Arch f klm Med 128 131, 1918 

25 Franco and Ferrata (footnote 8) Reitano (footnote 9) Esposito, A 
Morfologia e sigmficato anatomico degh emoistioblasti nelle leuceirua, Haema- 
tologica 4 269, 1923 Ferrata, A , and Negreiros-Rmaldi Emoistioblasti e mono- 
citi nella milza malarica, Haematologica 1 243, 1920 

26 Simpson, M H The Experimental Production of Macrophages in the 
Circulating Blood, J M Research 53 77, 1922 

27 Naegeli O Blutkrankheiten und Blutdiagnostik, ed 4, Berlin Julius 
Springer, 1923 



972 


ARCHIVES OF INTERNAL MEDICINE 


Schilling,' 8 who was lesponsible foi some of the eailiei observations 
on the histioc} te, especially in malaria Schittenhelm 20 gave a general 
leview Sabin and Doan 1 studied the “clasmatoc) tes” with then supra- 
vital technic Other papeis of geneial mteiest aie those by Richtei 30 
and Vasiliu 31 


MORPHOLOCA Or THE HISTIOCYTE 

The most extensive woik on the moi phology of the histiocyte m 
fixed sections of tissue has been done by Maximow 52 Ordinarily two 
types of histiocytes are lecognized the reticulai cell and the “endothelial” 
cell These cells aie laige and contain laige vesicular nuclei The retic- 
ulai cell diffeis fiom the endothelial cell m that it is situated m the 
stioma of vanous oigans, its cytoplasm has long fibrillary processes 
that apparently bind togethei othei cellulai stiuctuies These cells are 
chai acteristically seen in the spleen, bone manow and lymph nodes 
The endothelial cells line veiy small blood vessels oi sinusoids in the 
liver, bone manow, lymph nodes and spleen Theie has been some 
discussion concerning whethei or not these cells aie identical with the 
reticular cells, Maxi mow 3 expiessed the belief that the grouping of 
endothelial cells about tiny blood \essels w^as moie apparent than real 
Togethei these two types of cells make up the i eticulo-endothelial 
system 

Because the vanous processes involved in the fixation and staining 
of sections of tissue distoit the cells to some extent, the morphology 
of the histiocyte is studied best in blood smeais In these preparations 
it is seen that the histiocyte is by fai the laigest of the cn culatmg cells, 
measunng fiom 15 to 40 micions m diametei Its shape is extremely 
vanable, chiefly because of its marked powers of locomotion It is 
usually oval , frequentl) it is round oi polygonal, but it may he long and 
kite-shaped 34 The citoplasnnc membrane is indefinite and usually 
shows budding oi pseudopods, which often gnes the cell a bizane 

28 Schilling, V The Blood Picture and Its Clinical Significance, English 
edition, St Louis, C V Mosby Company, 1929 

29 Schittenhelm, A Normale und pathologische Phvsiologie des retikulo- 
endothehalen Systems, Handbuch der Krankheitcn des Blutes under der blutbil- 
denden Organe, Berlin, Julius Springer, 1925, vol 2, p 492 

30 Richter, M N Observations on the Hemohistioblast of Ferrata, Am J 
M Sc 169 336, 1925 

31 Vasiliu, T Sur la presence des cellules primitives nugratrices dans le 
sang circulant, Mem de la Soc de biol 88 934, 1923 

32 Maximow, A The Macrophages or Histiocytes, in Cowdry, Edmund V 
Special Cytology, New York, Paul B Hoeber, Inc , 1928, vol 1, chap 14 

33 Maximow (footnotes 13 and 32) 

34 On the basis of variations in size and shape, Sabin and Doan (footnote 5) 
divided these cells into four tvpes long, small round, large round and very large 
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appeal ance In coloi, the cell is weakl} basophilic it stains sk\ blue with 
Wn gilt's stain and it often has a “ground-glass” appeal ance The gian- 
ules, which aie usual!} azuie, aie occasional!} bluish, the} aie coaisei 
than those in the monocUe The} aie chaiactensticalh grouped about 
the nucleus, and aie iaieh found at the penphen of the cel! Theie 
is often vacuolization of the c}toplasm, and phagoc}tosed pai tides aie 
seen at times The latter maj be composed of fiagments of cells or 
e\en of entiie led blood cells, white blood cells 01 platelets as well as 
of bacteria 01 pai tides of pigment When any of these pai tides aie 
present, vacuoles aie commonl) seen The nucleus is louncl 01 egg- 
shaped , usually it is centiall} placed and is about one-half the size of 
the cell Sometimes the nucleus is slightly indented, in which case the 
cell lesembles moie closely the oidmary monocyte The nucleai mem- 
biane is distinct and heavy, and the nuclear chiomatin is spong\ m 
appearance, as Feirata bust pointed out This spongy appearance is 
distinctive and, togethei with the other enteiia, pieuousl) outlined, 
usually makes lecognition of the cell easy 

At times, on account of the marked fi agility of the cell, it appeals 
to be bioken up 01 to consist almost entirely of a nucleus with a faint 
and indefinite border of cytoplasm In these cases, as Sabin and Doan 
have pointed out, the definite nucleai membi anes and the indefinite cyto- 
plasm aie usually enough to make the diagnosis of the cell possible 
Piepaiations supiavitall) stained b} the method of Sabin 30 seive 
to emphasize intei esting functional chaiacten sties of the cell It moves 
iapidl} at a tempeiatuie of 37 5 C , so that theie is continual shifting of 
the cytoplasm Pseudopods constantly piotrude, changing the cellular 
shape from oval to elongated and back again within a minute or two 
Some of the shapes assumed aie bizaire and account foi the marked 
vanation m appeal ance of the cell in stained prepaiations At times, 
the cell is seen to sui round a red blood cell or a group of blood plate- 
lets, wdnch are then mcoipoiated in its cytoplasm When this occurs, 
the movements of the cell become extremely lapid, aftei a minute or 
tw o, vacuoles appeal m the c} toplasm As Kiyono " 7 and Patella 38 
pointed out, amitotic division of the cell laiely takes place the cell chvid- 

35 Some authors, notabh Ferrata and members of his school (footnotes 8 
and 25) laid great emphasis on the color of the granules Chiefly on the basis of 
these differences, they claimed to separate the histioc\ tes into -various types — 
rrneloid, lymphoid and monocytoid These distinctions ha-ve not been made out 
m the present work In fact, histiocytes from the same case ma> show marked 
differences m the staining characteristics of the granules 

36 Sabm, F R Studies of Living Human Blood Cells Bull Johns Hopkins 
Hosp 34 277, 1923 

37 Kiyono, K Die Altaic Carminspeicherung, Jena, Gustav Fischer, 1914 

38 Patella, V La genesi endotehale dei monociti, delle forme di passagio e 
dei cosidetti linfociti del sangue, Haematologica 4 59, 1923 
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mg into two paits which continue to move about as sepaiate cells Theie 
is a sprinkling of neutial led gianules thioughout the cell, these do not 
shift into the newly foimed pseudopod unless the latter lemains sta- 
tionary foi moie than a few seconds This lack of shifting of the 
gianules into the penphery of the cell accounts foi the chaiactenstic 
cential arrangement of the granules m the stained preparations The 
mitochondiia, which are bi ought out by the use of janus green, aie seen 
as delicate filaments mteispeised throughout the cytoplasm The nucleus 
changes its shape leadily with change in shape of the lemamdei of 
the cell Giouping of the neutial red gianules at the centrosphere may 
occui, but theie is no charactei istic grouping in the “Hof” of the 
nucleus as m the ordinal y monocyte In cases showing marked mono- 
C)tosis and histiocytosis, cells may be seen that are appaiently inter- 
mediate between the typical histiocyte and the typical monocyte 
Accurate dififei entiation between the two then becomes impossible 

Staining of the histiocyte with oxidase by the method of Sato and 
Yoshimatsu 30 has given negative lesults in this woilc, although some 
authois found positive gianules m ceitain cells Doan and Sabm 40 
said that the cells give positive lesults when stained with oxidase only 
if they contain ingested matenal that gives a positive reaction on stain- 
ing They suggested that the method used has probably a great deal 
of significance m the evaluation of lesults 

Cultures of the histiocytes have been made by Maximow , 41 Avrorou 
and Timofejevski , 42 the Lewises , 41 Bloom 44 and Canel and Ebeling 4 '’ 1 

39 Sato, A, and Yoshimatsu S Pero\idase Reaction in Epidemic Encephal- 
itis A New Diagnostic and Prognostic Method, Ain J Dis Child 29 301 
(March) 1925 

40 Doan, C A , and Sabin, F R Normal and Pathological Fragments of 
Red Blood Cells Phagocytosis of These Fragments by Desquamated Endothelial 
Cells of the Blood Stream , The Correlation of the Peroxidase Reaction with 
Phagocytosis in Mononuclear Cells, J Exper Med 43 839, 1926 

41 Maximow, A Ueber die Entwicklungsfahigkeiten der Blutleukocvten und 
des Blutgefassendothels bei Entzundung und mi Gewebskulturen, Klin Wchnschr 
4 1486, 1925 

42 Avrorow, P P , and Timofejevski, A D Kultivierungsversuche von 
leukamischen Blute Virchows Arch f path Anat 216 184, 1914 

43 Lewis, M R The Formation of Macrophages, Epithelioid Cells and Giant 
Cells from Leukocytes in Incubated Blood, Am J Path 1 91, 1925 Lewis, M R , 
and Leu is, W H The Transformation of White Blood Cells into Clasmato- 
cytes (Macrophages), Epithelioid Cells and Giant Cells, JAMA 84 798 
(March 14) 1925 

44 Bloom, W Transformation of Lvmphocvtes of Thoracic Duct into Polv- 
blasts (Macrophages) m Tissue Culture, Proc Soc Exper Biol S. Med 24 567, 
1927 

45 Carrel, A , and Ebeling A H The Fundamental Properties of the Fibro- 
blast and the Macrophage II The Macrophage, J Exper Med 44 285, 1926 
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7 he technic of Rhoads and Paikei 4,J 5\as used in a case of ironocUic 
leukemia , theie was little vanation in the cell except that it became much 
laigei and moie actne, and it showed more phagocjtosed p«u tides 
The histiocyte must he distinguished chieflx fiom the ouhr.ai} mcno- 
cyte, the laige hmphocjte and the piem\eloc\te The diftei entiatmg 
points ha-\e been giouped in table 1 


Tabu 1 — Data on the Histiocyte and Its Diffi i cniiation 





1 urge 

Mve'o 

Preum lo 

Po v morplio 


IIistioc\ te 

Wonocv te 

1 v mplioev te 

blast 

e> te 

nuclear 

Size (nnllim crons) 

15— 10 

10-20 

10-15 

0-15 

10-20 

10-15 

Shape 

V iri ihle 

Ov al 

] long ited 
ov al 

Round to 
ov ll 

Round to 
ov al 

Round 

Pscudopods 

Common 

tt times 

Rare 

I ittle 
rags” it 
times 

None 

None 

C\ tonlasm 

Color 

skv blue 

Grav ish 
blue 

SI v blue 

l Itra 
m irinc 
blue 

Blue, 
verging 
to pm 

Pink 

Granu'cs 

Azure , 

coarse, 

usuallj 

grouped 

about 

nucleus 

Innum 

erable, 

fine, 

lilac 

Large 
azure in 

10 per cent 
of cells 

Absent 

1 on large 
blue, red 
or v lolct 

51 a il v large 
blue , red 
or v lolet 

5 acuolcs 

Common, 
phagoej 
tosed mate 
rial often 
present 

Rare 

None 

Rare 

None 

Raie 

Nucleus 

Si/c 

About 
one half 
size of 
cell 

Pela 
t v elv 
large 

One half 
s'ze of 
cell, ec 
centric 

Tills 

almost 

entire 

tell 

Large 

5 ari ible 

Shape 

Round to 

OV ll 

U«uallj 

remform 

Usually 

round 

Ov al, 
rarclj 
md< nted 

Round 

Polv mot 
plious 

Character of chro 

Spongv 

T no 

Thick 

1- xtremclj 

Coarse 

Coarse 

matin 

network 

blocklike 

masses 

fine me=h 

linear 

linear 

Nucleoli 

R ire 

tbsent 

Absent 

1 to 5 in 
each cell 

Occasion il 

None 

Oxidase reaction 

Negatn e 

Fine, Negative 

sparse posi 
tiv e granules 

Positive 

Positive 

Positiv e 

Suprav ital st lining 

Active 

ameboid 

motion 

c 

Ameboid 
motion, 
arrange 
ment of 
granules 

No motion 

No motion 

No motion 

Granules 
mov e, 
“stream” 
and push 
cell 


Thus the histioc)te is a definite cell with ceitam cliai actenstic qual- 
lties — stiuctmal, tmctonal and physiologic It is a cell that laieh appeals 
m the blood stieam Its diftei entiation fiom othei blood cells paitic- 
ulail) fiom the monocyte, becomes difficult at times The histioc\te 
and the monocyte often meige b} almost impel ceptible tiansitions The 

46 Rhoads, C P and Parker F Jr Observations on Incubated Normal 
bloods, Am J Path 4 271 (Mac ) 192S 
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histioc)te is thought by many to be the foieiunnei of the monocyte, 
and the collection of histiocytes thioughout the body is called the leticulo- 
endothehal system 

THE ORIGIN OF THE HISTIOCYTE IN THE BLOOD 

Theie is still some diffeience of opinion as to the origin of the his- 
tiocyte m the penpheial blood, though the concensus is that it is a 
fiee cell of the 1 eticulo-endothehal system Sabin and Doan 5 have 
maintained that the histiocyte is a fouith type of blood cell (the other 
types being the gianulocyte, the lymphocyte and the monocyte) , they 
have thus sharply sepaiated the histiocyte from the monocyte They 
expiessed the belief that the monocyte is denved dnectly fiom the mes- 
enchymal leticular cells, wheieas the clasmatocyte is denved from the 
desquamation of endothelial cells that line the sinusoids in the livei the 
bone maiiow and the spleen 01 aie piesent in diffuse connective tissue 
Sabm and Doan 5 obseived, chiefly in embiyologic studies, the dnect 
dioppmg off of endothelial cells into the lunnna of blood vessels with the 
subsequent appearance of histiocytes They sepaiate histiocytes from 
monocytes largely on the basis of their moipholog) as seen m supravital 
piepaiations, and they maintain that the histiocytes aie present m blood 
fiom normal human beings (up to 4 pei cent) in 80 per cent of blood 
counts They felt that the constant desquamation of endothelial cells 
into the cnculation is lesponsible for the appeal ance of the phagocytic 
cells, which aie often seen as smudges oi even as fiee nuclei m fixed 
prepaiations On the other hand, the following objections may be 
laised to their conceptions (1) lack of pi oof that the monocyte and 
the histiocyte aie denved fiom sepaiate sources, (2) the undei emphasis 
of the fact that histiocytes appear in inci eased numbeis m conditions 
m which monocytosis is present, (3) the lack of mention of cells that 
are appaiently tiansitions between histiocytes and monocytes, and (4) 
the minimizing of the vast amount of woik that has been done on the 
l eticulo-endothehal system and that has shown chiefly that the “leticular” 
cell and the “endothelial” cell react in much the same way to dyes and 
othei materials, and that they probably aie vanations of the same cell 

Since his ongmal woik m 1898, Malloiy 47 has felt that new histio- 
cytes (or endothelial leukocytes) are denved directly, even m the adult, 
from the endothelium lining ordinal y blood vessels This view has 
been sti ongly called into question by the work of Maximow, 13 Evans 3 
and Aschoff, 48 and appaiently it is not entirely accepted by Sabm and 

47 Mallory, F B A Histological Study of Typhoid Fever, J M Research 
3 611, 1898, Principles of Pathological Histology, Philadelphia, W B Saunders 
Company, 1923 

48 Aschoff, L Morphologie des retikulo-endothelialen System, in Sclntten- 
helm, A Handbuch der Krankheiten des Blutes und der blutbildenden Organe, 
Berlin, Julius Springer, 1925, vol 2, p 473 
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Doan r ' Maximow said definitely that the lustiocjtes of the blood 
ueie simpl) fiee cells of the reticulo-endothehal s}stem 

Fenata expiessed the belief that the hemohistioblast — a piinntne 
blood cell derned dnectl) from the cmbnonic mesenchjme — is poten- 
tial!) the precui soi of all blood cells, and that thiee t>pes of circulating 
hemohistioblasts — m)eloid, lymphoid and monoc)toid — aie distinguish- 
able chiefly on the basis of dififeience in gianules It seems lathei 
dubious that the gianulai hemohistioblast should lose its gianules to 
f 01 m the nongranular myeloblast which latei again takes on gianules 
to f 01 m the myelocyte 

On the basis of an extensive expenence in the cultuie of noimal 
blood f lorn numerous species of animals, the Lewises 43 concluded that 
histiocytes aie more piobably deuved fiom monocjtes than vice veisa 
They, as well as Can el and Eliding / 3 expiessed the belief that mono- 
cjtes and lustioc)tes aie different phases of the same type of cell 

Iiowevei , the following views generally accepted at piesent aie 
that The histiocyte is the generic name foi the cells comprising the 
leticulo-endothehal system Although the histiocyte may be potentially 
a piecuisoi of all blood cells, it is usually incapable of much diffei- 
entiation in adult life, except that it becomes a monocyte by duect 
tiansition or mitosis 49 The histiocjte has the same lelationship to the 
monocyte that the myelocyte has to the matuie polymoiphonucleai cell 
There aie not four types of blood cells, as Sabm and Doan maintained, 
but three 

A vast hteiatuie has accumulated on the subject of the leticulo- 
endothehal system, especially m the last few yeais This hteiatuie has 
been adequately leviewed by Aschoff, 4S Schittenhelm , 20 Maximow , 32 
Kiumbhaai , 50 Bloom 51 and otheis A widely scattered group of cells 
was mcoipoiated into a “system” by Aschoff 1 and Kiyono aftei woik 

49 Schilling, V Ueber hochgraclige Monocytosen nnt Makrophagen bei 
Endocarditis ulcerosa und uber die Herkunft der grossen Mononuklearen, Ztsclir 
f klin Med 88 377, 1919 Weicksel, J Ueber die grossen Mononuklearen und 
Uebergangsformen Fhrlicbs (Monocyten) und lhr Verhalten bei Tuberkulose, 
Med Klin 16 1326, 1920 Weill, P Ueber Erythrophagocytose im stromenden 
Blute, Folia baemat 26 27, 1920 Schittenhelm, A , and Erhardt, W Unter- 
suchungen uber die Beziehungen des reticulo-endothelialen System 711 den grossen 
Monocyten des Blutes mit Hilfe der Vitalspeicherung, Ztscbr f d ges exper 
Med 46 225, 1925 Paschkis, K Zur Frage der Abstammung der grossen 
Mononuclearen, Virchows Arch f path Anat 259 316, 1926 Masugi, M 
Ueber die Beziehungen zwischen Monoz}ten und Histiozyten, Beitr 7 path Anat 
u z allg Path 76 396, 1927 

50 Krumbbaar, E B The So-Called Reticulo-Endothelial S-^stem Internat 
Clin 2 280, 1925 

51 Bloom, W The Origin and Nature of the Monocxte, Folia baemat 37 1 
(Oct) 1928 
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with vital d}es by Ribbert, 32 Goldraann 7 and Tschachm 53 had shown 
the functional identity of these cells Maximow 41 studied intensively 
then embi}ologic and cultuial qualities Othei investigations disclosed 
their impoitance m the abnonnal stoiage of fat as m the hpoidemia of 
diabetes melhtus, 34 m lipoid histiocytosis, 35 m Gaucher s disease 50 and 
m xanthomatosis 57 These cells weie found to be concerned in the foi- 
mation of bile fiom hemoglobin, 3 '' m the pioduction of immunity against 
disease 2 and in the phagocytosis of bactenal oigamsms 47 Reticulo- 
endothehosis 50 — leukemic and aleukemic — has i ecently been desci ibed , 
the leukemic form is geneially known as monocjtic (histiocytic) leu- 
kemia 00 

THE APPEARANCE OT HISTIOCYTES IN THE PERIPHERAL BLOOD 

Fiom the standpoint of pathologic physiology, it seems logical to 
search for histiocytes in the penpheial blood in any condition in which 
nutation of the l eticulo-endothehal system — mespective of its cause — 
is known to occur Although Sabin and Doan 5 found these cells in 
80 pei cent of normal subjects, they have not othei wise been described 
m noi mal conditions except by Uyeyonahara, 01 who used a special 
supravital technic, and possibly by Netousek 23 In an examination of at 
least 10,000 blood smeais in the past thiee yeais histiocytes have not 
been found in noimal peisons Then appeal ance was limited to the 
abnormal conditions desci ibed in the following paiagiaphs 

Monocytic Leukemia — Two cases of this lare disease weie 
obseived 55 This disease was chaiactenzed by an acute couise with the 

52 Ribbert, H Die Abscheidung mtravenos mjezierten gelosten Karmins in 
den Geweben, Ztschr f allg Physiol 4 201, 1904 

53 Tschachm, S Ueber die ‘ruhenden Wanderzcllen” und lhre Beziehungen 
zu den anderen Zellformen des Bindesgewebes und zu den Lymphozyten, Folia 
haemat 17 318, 1913 

54 Schultze, W H Ueber grosszelhge Hyperplasie der Milz bei Lipoidamie 
(Lipoidzellenhyperplasie) , Verhandl d deutsch path Gesellsch 15 47, 1912 

55 Bloom, W Splenomegaly (Type Gaucher) and Lipoidlnstiocytosis (Type 
Niemann), Am J Path 1 595, 1925 

56 Epstein, E Beitrag zur Pathologie der Gaucherschen Krankheit, Virchows 
Arch f path Anat 252 157, 1924 

57 Rowland, R S Xanthomatosis and the Reticulo-Endothelial System, 
Arch Int Med 42 611 (Nov) 1928 

58 Haldeman, K O A Histologic Study of the Formation of Bile Pigment, 
Arch Path 7 993 (June) 1929 

59 Sachs, F , and Wohwill, F Systemerkrankungen des retikuloendothe- 
lialen Apparats und Lymphogranulomatose, Virchows Arch f path Anat 264 
640, 1927 

60 Dameshek, W Acute Monocytic (Histiocytic) Leukemia, Arch Int Med 
40 718 (Oct ) 1930 

61 Uyeyonahara, T Studien uber menschliche Blut-Histiozjten mittels 
vitaler Karnunspeicherung in vitro, Folia haemat 40 1 , 1930 
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appeal ancc of fiom 70 to SO per cent of histiocttes and monocUes The 
leukocyte count before death m both cases was 140,000 pei cubic milli- 
metei Studies with supravital staining weie done, the lnstioc\tcs wcie 
extiemch active, at times differentiation fiom the monocUes was ten 
difficult With Wright’s stain, apparent tiansitions between the tipical 
histiocytes and the typical monoc) tes could be made out A postmoi tern 
examination w^as made in neither case, though studies on the bone mai- 
row r w r eie earned out in the second case In the other cases lcpoited 
an intense proliferation of the leticulo-endothehal s>stem with mfiltia- 
tion of the organs with histiocytes w r as ahva)s seen 

Agranulocytosis — This condition, in wdnch the granulocytes dis- 
appeai from the circulating blood, is probably due to dncct action by 
bactei la or then toxins on the leukoc} tes of the bone mai row It pi obabh 


Table 2 — Agi anulocylous 




White Bloorl 

3Ionoc\ te«, 

Histioct tes, 

Cn=e 

Date 

Cells, per C Mm 

per Cent 

per Cent 

3 

2/ 7/20 

2,000 

49 0 

2 0 


2/ S/29 

4,050 

49 0 

GO 

0 

3/11/20 

SSO 

60 0 

5 0 

7 

12/27/29 

8,000 

2S0 

90 


12/29/29 

7,000 

11 0 

1 2 

s 

3/ 2/30 

5,500 

49 0 

19 0 


3/ 3/30 

5,500 

33 5 

15 0 


3/ 5/30 

12,000 

30 4 

OS 


3/ 0/30 

10,000 

10 0 

00 


3/ 7/30 

IS, 000 

17 5 

0 5 


3/ 9/30 

15,000 

12 0 

1 0 


3/11/30 

15,000 

10 0 

1 0 


represents, not a disease entity, but an atypical leaction to sepsis Sec- 
ondary monocytosis has been reported fiequently, though histiocytes have 
not as yet been descnbed At autopsy, enlargement of the spleen due 
at least paitly to the piohferation of the reticulo-endothehal system has 
been observed Nine cases of this disoidei have been obseived by me, 0 ' 3 
and m cases 3, 5, 7 and 8, histiocytes w^ere found In cases 7 and 8, m 
wdnch recovery took place, there was marked monocytosis and histiocy- 
tosis during the phase of recoveiy Monocytes and histiocytes numbeied 
28 pei cent of the white blood cells in case 7 and 42 pei cent in case 8 
As the patient’s condition improved, there w^as a decrease in the mono- 
cytic cells This lustiocytic-monocytic phase has lecentlv been lepioduced 
by Fried and me 02 in labbits stiffen ng from experimental bacterial 
agranulocytosis 

61a Dameshek, W, and Ingall, M Agranuloct tosis (Malignant Neutro- 
penia) Am J M Sc 181 502 (April) 1931 

62 Fried, B M, and Dameshek, W Experimental Agranulocytosis to be 
published 
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Septicemia — Histiocytes have been observed m cases of generalized 
sepsis by Ivaznelson, 21 Neuknch,- 1 Richtei 30 and Scbittenhelm 20 In 
the present study they weie found m five cases of septicemia m which 
the organism was lecoveied fiom the blood stieam before death The 
fiist three patients died In an overwhelming infection, the reticulo- 
endothelial system piobably becomes stimulated, and histiocytes may 
appeal in the cnculation In these cases histologic examination of the 
spleen and bone marrow showed maiked hypertiophy, an increase m 
the number of i eticulo-endothelial cells and many phagocytic cells that 
often contained bacteria 

In case 4, one histiocyte contained an inclusion body, piobably a 
deteriorated red blood cell The immatuie polymoi phonucleai cells noted 
weie detei mined by the method of Schilling 28 

Subacute Bacteual Endocai ditis — As previously mentioned, histio- 
cytes have been repoited m cases of subacute bacteual endocai ditis by 
numerous obseiveis, so that the finding of these cells is consideied of 
value m establishing the diagnosis The view has been prevalent that 


Table 3 — Septicemia 


Case 

Oigmism 

Polymor 

phonuclear Immature 
Leukocytes, Neutrophils, 
per 100 Cc per 100 Cc 

Lj mplio 
cj tes, 
per 300 Cc 

Mono 
cj tes, 
per 100 Cc 

Histio 
cytes, 
per 100 Cc 

1 

Streptococcus hemolyticus 

93 0 

57 0 

00 

7 

5 0 

2 

Streptococcus liemolj ticus 

93 0 

40 0 

4 0 

3 

2 0 

3 

Streptococcus hemolyticus 

sso 

41 5 

30 

9 

30 

4 

Bacillus coli 

74 8 

17 5 

13 0 

9 

30 

5 

Streptococcus viridans 

710 

4 0 

16 4 

12 

08 


these histiocytes are desquamated endothelial cells of capillanes There- 
foie, m seaichmg for them the customary advice has been to rub the 
eai vigorously foi some minutes before making the blood smear, this 
presumably would dislodge some of the enlaiged endothelial cells fiom 
the capillaries This concept has been vigorously attacked recently by 
Schilling 28 (compare also Aschoff 03 on this point), who demonstrated 
that most of the histiocytes, which aie pioduced in laige numbers in 
this condition, probably become infaicted oi destioyed in the pulmonary 
capillaries, and the lemamdei are swept out into the geneial circulation 

In the case of a patient, B S , examination of the blood showed Jan 6, 1930, 
polymorphonuclear leukocytes, 67 2, immature forms of polymorphonuclears, 8 8, 
lymphocytes, 27, monocytes, 8, and histiocytes, 05, April 11, polymorphonuclear 
leukocytes, 57 5, immature forms of polymorphonuclears, 3, lymphocytes, 31, 
monocytes, 9 5 , histiocytes, 0 5 , eosinophils, 1 5, and basophils, 0 5 In S C , 
examination of the blood on April 24, 1930, showed polymorphonuclear leuko- 
cytes, 84 , immature forms of polymorphonuclears, 2 , lymphocytes, 5 , monocytes, 
11, and histiocytes, 1 

63 Aschoff, L Lectures on Pathology, New York, Paul B Hoeber, Inc , 
1924 
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Rheumatic Fcvci and Rheumatic Caidtac Disease — MonocUowx 
was obsened in about 25 per cent of the cases of acute ihcumatic 
endocarditis studied Imariabl}, the monocj tosis occuncd at the begin- 
ning of the convalescent penod, it was at this stage that histioc\tcx 
wcie occasionally found 

Tube) culosis — Although the blood pictuic has been studied m a 
faiil} large numbei of cases of pulmonar} tubei culosis, and although 
monoc}tosis is fiequently present, histiocytes have been found m only 
one case 

In a patient, A C, examination of the blood re\ealed polymorphonuclear 
leukocytes, 67, immature forms of poh morpltonuclears, 2S, h mphoc\ tes, 10, 
monocytes, 21 , histiocytes, 5, and eosinophils, 2 

Othci Infections — Monocytosis 04 is commonly seen dunng con- 
\alescence fiom acute pjogemc infections, this is, in the “monocjtic 

Table 4 — Rheumatic Fcvei and Rheumatic Caidiac Disease 


Poljmor 




phonuclcnr Immature Lympho 

Mono 

Histio- 

Losmo 

Bnso 



Leukoej tes. 

Cells, 

cj tes 

cj tes, 

cytes 

phils, 

phils, 



per 100 

per 100 

per 100 

per 100 

per 100 

per 100 

per 100 

Case 

Date 

Cc 

Cc 

Ce 

Cc 

Cc 

Cc 

Cc 

E H 

3/20/29 

65 5 

40 

25 0 

70 

30 

30 


B K 

9/1G/29 

62 5 

2S5 

14 0 

21 5 

4 0 

1 5 

0 5 

H N 

12/1S/2S 

G3 0 

12 0 

23 0 

11 0 

20 



G N 

7/29/29 

72 5 

110 

13 0 

13 5 

0 5 



W S 

3/14/29 

70 0 

13 0 

11 5 

15 0 

10 



A A 

0/ 3/30 

42 0 

12 5 

43 5 

so 

10 




stage of defense” of Schilling 2S It was during this penod that histiocytes 
weie occasional!} discoveied Histioc>tes were also found m othei 
infections m which convalescence was not then taking place and m which 
monocytosis was not present 

Dementia Paialytica — In a study of the blood picture m se\ enty- 
five cases of dementia paialytica made in the Division of Research at 
the Boston State Hospital, histiocites in vaiying numbers (fiom 04 
to 6 pei cent) wei e found m 20 per cent of all cases This lepiesents 
the fust descnption of the piesence of histioc} tes m this disease Theie 
is usually a dnect cori elation between the appeal ance of histiocytes 
and the piesence of monocytosis of 12 per cent or ovei , there was no 
con elation with the tieatment given In none of the cases studied had 
malarial tieatment been given for at least two )ears As a matter of 
fact, it was often m the cases m which treatment had not been given for 

64 Monocytosis is considered present when the monocj tes number 12 per cent 
or more of the total leukocyte count 
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seieial )eais that histiocytes weie commonly seen Such a situation was 
obseived m one lemaikable case 

D S, a man, aged 36, had acquired syphilis at the age of 20 A jear later 
frequent com ulsions developed, and he showed the neurologic and spinal fluid 
signs of dementia paralytica Intensive treatment was begun, which was followed 
by a remission for five vears Convulsions then recurred, and thev had continued 
to the time of writing At the tune of the first examinations (Nov 4 to 7, 1929), 
from three to fi\e convulsions occurred every night The polymorphonuclear cells 
numbered from 20 to 22 per cent, the lymphocvtes from 42 to 48 per cent, the 
monocjtes from 28 to 40 per cent and the histiocytes from 1 to 6 per cent The 
latter almost imariably contained phagocytosed material, such as red blood cells, 
platelets, etc , and were usually markedly vacuolated, of bizarre shape and 

TAru 5 — Otlici Infections 


Polj 




morpho 

Im 

Ljm 



• 




nuclear 

mature 

pho 

Mono 

Histio 

Posino 

Baso 



Leuho 

Cells, 

cytes, 

cytes, 

cjtes 

phils, 

phils, 


cj tcs, per 

per 100 

per 100 

per 100 

per 100 

per 100 

per 100 

Ca=e 

Condition 

100 Cc 

Cc 

Cc 

Cc 

Cc 

Cc 

Cc 

G P 

Subsid ng acute infection 









(? tjpc) 

SCO 


1 3 

12 3 

1 3 



R W 

Subsiding perinephric ab 









scess 

GGO 

12 0 

1G 0 

12 3 

0 3 



M B 

Abscess of liver 

S4 0 

IS 4 

S 4 

7 G 

1 6 



B P 

Infectious monocytosis 

37 0 

47 0 

10 0 

32 3 

05 



R M 

Subsiding mastoiditis 

03 0 

13 0 

24 0 

12 5 

0 5 

03 


M S 

Subsiding ulcerative colitis 

74 0 

38 3 

11 3 

110 

03 



S H 

Chronic sinusitis 

41 5 


23 0 

33 5 

4 0 



J A 

Subsiding intectionf? tj pe) 

S3 0 

2S0 

G 5 

10 0 

05 


0 5 

W R 

Subsiding hepatitis 

59 0 


14 3 

2G0 

0 0 



W 7 G 

Subsiding mastoiditis 

7G 3 

14 0 

11 0 

12 0 

0 5 



B B 

Subsiding acute appendicitis 40 5 

10 

37 5 

14 3 

05 

7 5 



extremeh active in supravital spreads After large doses of phenobarbital had 
been given, the convulsions gradually ceased, and the differential count of the 
leukocytes became almost normal, the histiocytes disappearing With the reap- 
pearance of convulsions, the differential count again became abnormal and histio- 
cytes reappeared Again the convulsions were stopped, and again the differential 
count became normal At this point, a severe convulsion was induced by puncture 
of the carotid artery Counts made before the convulsion w'ere normal, but those 
made directly afterward were distinctly abnormal and showed the appearance of 
several histiocvtes There thus seemed to be a definite relationship between the 
presence of convulsions and the appearance of phagocytic histiocvtes 

Blood smears fiom twenty-five patients with epilepsy failed to show 7 
histiocytes It is intei esting to speculate on the relationship of the con- 
vulsions to the appearance of the histiocytes The possibility of increase 
in the l eticulo-endothelial cells m dementia paialytica with consequent 
liberation of some of them as fiee histiocytes at the time of convulsion 
was considered 
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Miscellaneous Conditions — Histiocytes were found in the mi^cellam.- 
ous conditions shown in table 6 

The occurience of histiocytes in these eonditions clnefly in those in 
which the lymph nodes, the spleen or both were imohed ma\ he 
explained on the basis of the presence of laige munheis of icticulo- 
endothelial cells in the afoiementioned situations Imohement ot the 
spleen 01 lymph nodes from any cause may lesult m such maiked 
1 cticulo-endothehal prolif eiation that histiocy'tcs appeal in the cu dila- 
tion In the leukemias, histiocytes have been noted chiefly by r Fenata 
and b} r otheis of Ins school, 25 though they w f eie fiist descnbed in that 
condition by Rowdey 10 In the case of tiichiniasis pieviously noted, 

Tabii 6 — Histiocytes m Miscellaneous Conditions 
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biopsy of the deltoid and gastiocnennus muscles disclosed large numbeis 
of multmucleated foieign-bodyr giant cells with frequent mitoses of the 
numeious monocytoid cells 

THE CLINICAL SIGNIFICANCE Or THE APPE IRAN CL Or HISTIO- 
CYTES IN THE PERIPHERAL CIRCULATION 

Histiocytes in the penpheial blood have thus been obseived m the 
following conditions (1) leukemic prolifeiation of the reticulo-endothe- 
lial system (monocytic leukemia), (2) reactions to various infections 
namely, in septicemia, subacute bacterial endocarditis, rheumatic fever 
agranulocytosis and dementia paralytica, and (3) miscellaneous condi- 
tions, pai ticulat ly m the leukemias or m associated conditions Except 
m the cases of severe septicemia in wdnch the monocy tes w’ere relatively 
reduced, it was found that histiocytes tended to appear whenevei mono- 
cytosis, geneially of maiked degiee, was present In these instances 
cells that piesented morphologic characteristics midway between typical 
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histiocytes and typical monocytes were commonly seen This evidence 
suggests that the histiocyte is the eailier cell in the monocyte senes, 
just as the myelocyte (appearing in a seveie pyogenic infection) is the 
eailier cell m the gianulocytic series 

That the appeal ance of histiocytes in the peripheral blood repiesents 
either an overactivity or a disoidei of the reticulo-endothehal system 
has not been entirely pioved Combined hematologic and pathologic 
investigations, howevei , m monocytic leukemia 03 and in the various 
infections, in monocytosis pioduced expenmentally by Bacteiium mono- 
cytogenes 00 or by Bacillus co/?-hke organisms 07 and m studies with 
vital stains 1 give strong indication that a monocytosis with the piesence 
of histiocytes occurs when theie is a pi ohf eiation of the reticulo-endo- 
thehal tissue 

This concept agrees with the obseived clinical signs as pieviously 
pointed out The leticulo-endothehal system apparently acts as a 
secondary line of defense against bacteria, the first line of defense being 
the polymorphonucleai cells This is well bi ought out in the recovery 
phase of agranulocytosis, both clinical and expenmental, and during 
convalescence fiom acute infections As Metchmkoff 2 first pointed out, 
the maciophages aie piobably concerned with the development of 
immunity The occuuence of histiocytes m the leukemias and m 
Hodgkin’s disease may he explained on the basis of the close pioxinnty 
or actual participation of histiocytes in the main cellulai leaction, some 
of the histiocytes being pushed out into the blood stieam 

SUMMARY AND CONCLUSIONS 

1 The histiocyte has distinctive histologic and functional chaiac- 
tenstics that make its piesence in the penpheial blood stieam easily 
lecognized In disordeis that involve the leticulo-endothehal system, the 
histiocytes may appeal in the pei lpheral blood usually coincident with an 
mciease m monocytes This is analogous to leactions of the bone mar- 
iow m which myeloc} tes appeal in the penpheial blood coincident with 
an increase m polymoi phonucleai cells 

2 Histiocytes m the peripheial blood weie found especially when 
monocytosis was present Thus they weie seen m monocytic (histio- 
cytic) leukemia, in agianulocytosis, especially m the phase of lecovery, 
m septicemia, in subacute bactenal endocaiditis, in the convalescent 
stage of rheumatic fever and lheumatic endocaiditis, laiely m tuber- 

65 Schwirtschewskaja, B Ueber leukamische Retikuloendothehose, Virchows 
Arch f path Anat 267 456, 1928 

66 Lang, F J Zur Monozj'tenfrage, Folia haemat 36 383, 1928 

67 Hoff, F Ueber den Einfluss von Bakterienstoffen auf das Blut, Ztschr 

f d ges exper Med 67 615, 1929 Fried and Dameshek (footnote 62) 
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culosis and other infections fiequentl) 111 dementia paiahtica (m one 
case associated with comulsions the\ were found m laige mimbeis) 
and occasionally in miscellaneous conditions, especiall) in the leukemia*- 
and 1 ) mphohlastomas Otliei authors ha\e dcscnbcd then occuiience 
m typhoid fevei, cholera malar ia, kala-azar and other drseases 

3 It is felt that the histiocyte as seen m the penpheral blood is a 
distinctive cell not normally piesent, that it is m intimate lelationslnp 
and probably the dnect precuisor of the monoc)tc, though ordinarih 
without lelationslnp to the otliei leukocytes of the blood, and that it 
appeals in the penpheial blood when theie is unusual actiuU . maiked 
nutation 01 leukemic pi ohf eiation of the reticulo-endothehal s}stem 

330 Brookline Avenue 
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Ueber die akute und chromsche cli bl Leberatropiiie Mit besonderer 
BeRUCKSICHTIGUNG IHRE EPIDEMISCHEN A.UITRETENS IN SCHWEDEN IM 

Jaiire 1927 By Prof Dr Hilding Bergstrand, Stockholm Price, 
14 marks Pp 114, with 68 illustrations and 2 colored plates Leipzig 
Georg Thieme, 1930 

In this monograph the author reports 150 cases of atrophy of the liver studied 
by him, 97 of which occurred during an epidemic m Sweden m 1927 The disease 
showed a remarkable tendency to appear at definite periods of the year, namely, 
spring and fall It seemed to be epidemic, which led the author to believe that it 
was infectious It was more pre\alent in the cities, and more women than men 
were affected Siphihs, treatment with arsphenamme and pregnancy apparently 
were only incidental predisposing causes 

The author draws attention to the marked clinical similarity of the course of 
catarrhal jaundice and that of acute yellow' atrophy of the liver It is only in 
the pulse rate that the two differ, the first having a bradycardia, wdiereas in the 
lattei the pulse curve lies w'ell above the temperature cur\e 

Results of pathologic studies conformed with the observations of other investi- 
gators The degenerative process begins in the center of the lobule of the liver 
and may progress to various stages Apparently those portions of the liver W'hich 
have the greatest venous circulation aie most involved The region first attacked 
is that around the hgamentum falciforme hepatis In the chronic forms, a cirrhosis 
results which may assume different aspects according to the character of the 
process The author describes four t\pes (1) a large lobulated liver resembling 
a hepar lobatum, (2) a less coarse lobulation resembling the hobnail lner of 
Laennec’s cirrhosis, and (3 and 4) types that display still finer irregularities of the 
surface 

The author also draw's attention to the similarity of the course of acute yellow 
atrophy and that of glomerular nephritis He suggests that m yellow atropln the 
etiologic factor may be a streptococcus, the initial infection being in the upper 
respiratory tract He describes a predilection of the disease for persons with a 
“rheumatic diathesis ” Bacterial investigation of the intestinal tract of affected 
patients constantly show'ed Sti eptococcus vmdcms, but the disease has not been 
produced experimentally 

Dil Procto-Sigmoskopie und hire Bedeutung tur die Diagnostik und 
Therapie der Krankheiten des Rektum UND Drs SlGMOIDEUM Bv 
Dr Hermann Strauss, Berlin Second edition Price, 17 50 marks Pp 96, 
wnth 68 text illustrations, 1 schematic drawing and 9 colored plates Leipzig 
Georg Thieme, 1930 

The author presents in an interesting manner the practical application of 
proctoscopic and sigmoidoscopic examination In this w'ork he has condensed 
the material in the first edition and has added new' material 

He describes the methods of preparation of the patient and various positions 
for examination His preference is the knee-chest position A brief discussion 
of the anatomy of the rectum and sigmoid colon follows The different types of 
instruments and their accessories are discussed and illustrated The author prefers 
projected light rather than that wduch carries the light forward In rare cases 
it is necessary to anesthetize the anus The patlnvay' of the tube up the bow'el 
is described in detail Although the author has never had the experience, per- 
foration of the bow'el has occurred and should be carefully avoided by being certain 
that the lumen of the bow’el is ahead as the tube progi esses 
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Normal and pathologic ohscr\ations at the \arious lc\cls ot the rectum and 
sigmoid colon are described md arc beautifulh illustrated in color 1 he indica- 
tions and contraindications for proctoscopic examination arc gi\cn the duel eo.itru- 
mdications hemp peritonitis, infectious processes in the area contiguous to the 
rectum and sigmoid chspneic patients and m irked anemia Fmalh the author 
discusses the use of the proctoscope in the treatment lor disease In means ot 
direct application of powders and spraes of \anous kinds This procedure seems 
to be used quite extensneh on the Continent 

This monograph is well adapted for teaching purposes and for those not cntircK 
lamihar with proctoscopic and sigmoidoscopic work 

H\xdiiook oi Tiier vreei ics Be Dwid C\wi>him, MD M V B Sc , 
“Pollok” Lecturer m Materia Mcdica and Pharmacolog} in the UnntrsiU 
of Glasgow 7 Price S4 50, net Pp 411, with 72 illustrations New York 
William Wood & Company, 1930 

The author's introduction points out the present difficulties in teaching thera- 
peutics when he says “The aim of the medical curriculum is to proeide the 
student with sufficient knowdedge to treat disease rationalh , Act as a rule there 
is no part of his training with which the young graduate is more dissatisfied lie 
is taught Pharmacolog} and Therapeutics before he has had the opportumte of 
studying disease, he ilia} e\en be instructed in therapeutics b\ one who though 
possessing a medical degree, has not himself any experience m the piacticc ot 
medicine To some extent, no doubt, this is made good in the clmiquc but it is 
too frequently the case that when the history and ph} steal signs ha\e been elicited, 
the diagnosis, differential diagnosis, and prognosis discussed, and the pathological 
aspect of the disease fully considered, the all important question ot treatment is 
either ignored or is dealt with m such a perfunctory fashion that the student 
carries away no clear idea of the method of treating a similar case 

The book is concise and w'ell written, including all types of treatments used 
at the present time, such as h} drotherapi , diets and all biologic products In a 
book of this size it is, of course, impossible to go deeph into the different subjects 
and at the same time co\er everything Campbell has succeeded icrr well for the 
general practitioner, and for the intern it is a book w r ell worth hating 

Abdomino-Peta ic Diuxosis xx' Wowrx B\ Dr Arthur Joiix M \escheid 
Price, S12 50 Pp 1,000 St Louis C V Mosby Conipam, 1931 

The author presents a comprehensne tolume of 1 000 pages which coters w'ell 
the field of abdominopelvic diagnosis in women The index is rather extensne 
and is especialh taluable m a work of this kind 

The book is w'ell illustrated and brings out many important diagnostic methods 
While the author gnes nothing new' in the method of presenting the material or 
in the subject matter, it is a valuable w'ork m that it brings together in easih 
accessible form up-to-date knowledge that should be of definite help, especialh 
to those w'lio are not working continuously m the field of g}necolog\ It should 
be of great value to the student and will sene as a convenient relerence work 
to the practitioner 

The paper and trpograplnc work are excellent and the illustrations are lor 
the most part well chosen and executed 

The Eiotetion or Ceixic\l Nosogr\ph\ Medicixf ix Modern Times 
By Ivned Faber, MD, LLD, Professor of Internal Medicine Unnersit} 
of Copenhagen With an Introductory Note by Retes Coi l, M D , Director 
of Hospital, Rockefeller Institute Second edition Price *s3 75 Pp 222 
with illustrations New York Paul B Iioeber, Inc, 1930 

So tew changes ha\e been made m the text of the second edition ot this 
interesting and stimulating book on the histor\ of clinical description that the 
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reader may properly be referred to the original review (Arch Int Med 33 532 
[April] 1924) A few paragraphs have been lengthened, and a few lines with- 
drawal In chapter 4, reference is made to Widal's early emphasis on the value 
of spinal puncture, and Widal’s portrait has been added In chapter 5 (Functional 
Diagnosis), new material on metabolic tests replaces two pages of the 1923 edition 
Unfortunately, the index has not been changed to correspond, certain names that 
have been dropped from the text are still carried in the index of the second 
edition The format of the book has been substantially improved The work 
may again be recommended to clinicians and students for its emphasis on a com- 
prehensive view in the clinical delineation of a disease 

The Pathology of Internal Disevses By Willi vu Bovd, MD, MR CP 
Ed Dipl Psych , F R S C , Professor of Pathology m the University of 
Manitoba, Pathologist to the Winnipeg General Hospital, Winnipeg, Canada 
Price, S10 Pp 837, with 298 engravings Philadelphia Lea & Febiger, 1931 

This volume is an important addition to the armamentarium of the student of 
internal medicine It is an adjunct to the usual texts or treatises of internal 
medicine, but m no way supplants them Throughout the work a correlation of 
pathologic anatomy, pathologic physiology and symptomatology is effected The 
rationality of symptoms wherever possible is clarified by simple, logical and 
accurate description in excellent English If one opens the book at any of the 
important chapters, one is immediateh engrossed in the subject matter There 
are numerous illustrations, which are excellently chosen and beautiful^ printed 
The whole field of internal medical diseases, m contrast to those commonly con- 
sidered surgical, is covered There is, of course, some overlapping There is a 
companion volume on “Surgical Pathology” by the same author 

It would be futile to attempt to describe any one chapter in detail The chapters 
on the diseases of the heart, the kidneys or the thyroid, as examples, are especiallv 
well written Sane ideas as to the classification of nephritis or of goiter are 
most convincingly presented No text m the field of internal medicine that has 
appeared in recent >ears deserves more praise It is different, readable, valuable 
as a reference book and m every waj written from the point of view of the clinical 
teacher and practitioner 

Modern Methods of Treatment Bv Logan Clendening Fourth edition 
Price, $10 Pp 819 St Louis C V Mosby Companj, 1931 

This book still remains the classic m the field of medical treatment for the 
practitioner and student The lucid manner in which it is written and the fact 
that it includes every important field m medical therapeutics make it a necessarv 
addition to any medical library The author has not included every new phase 
of therapy m this edition, but has made a selection of the subjects that are well 
established by careful research or are m use by the leaders m the various fields 
Among those included are the administration of salyrgan, the feeding of a stomach 
extract in pernicious anemia, the use of Calmette’s tuberculin, the treatment for 
undulant fever and the chemistry of the thvroid action The chapters on dietetics 
and the treatment for diseases of metabolism are particularly complete 
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